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FOREWORD 



COPA is the acrbnym for the CommrCcee on Professional AcCivicies > 
within ART. The responsibilities of GOPA are twb-folcl: (1) to advise 
the Technical Director of ART upon professional matters of general 
interest to the professional staff, and (2) to act on matcers affecting, 
the professional welfare of the staff^ eOPA represents all iunior and 
mid-manapement level professional staff (GS-d9 to GS-13) . One . COPA . 
representative and one alternate are elected from each Technical Area arid 
Support Function. COPA representatives meet monthly to discuss concerris ' 
arid issues raised by the sraff members. 

One of the issues raised at a COPA meeting was the lack of irifor- 
iiiaLibn about the work being done under the basic research program. 
Because most research within ART tends to be applied and focused, 
scientists within ART are not always aware of new develobnents iri other 
fields. Information about the basic rese^rch program was seen to be 
important in keeping staff members aware of the most_ recent "state of 
the art." In response to this concern, COPA (with the^upport .pf both 
the director of the Basic Research program and the _ Technical Director) 
sponsored a colloquiam on selected topics in behavioral scierice 
research : 

The Colloquiam was held at ART from. 23 to 25 April 1980. Twenty 
principal investigators on Basic Research contracts were irivited to 
attend and present their research findings. The presentations were 

separated into five topic areas: _ These areas were: ^oniputer-Based 

Svstems, Information Processing, Learriirig, Memory and Transfer, Leader- 
ship and Performance, and Issues and Trends. This renort con tains an 
overview of each session written by the session chairperson and the 
principal investigator's synopsis of his/her research. 




KDCAR M: .IOilNSt)N 



TLH'hti i c^a ] Di ror lor 



V 



TABLE OF CONTENTS 



KEYNOTE SPEAKER ^ i . ^ i ^ i . i • ^ 

Research arid DevelopnieriC on Training and Personnel in Che Departmeht 

of Defense (Jesse Urlaiisky, Institute for Defense Analyses) ;**3 

COMPUTER- BASED SYSTEMS, Beatrice Farr i 25 

Uses of Computer-Assisted Inistruction in Developing and Maintaining _^ 
Psychomotor Skills (J. Berkhout, University of South Dakota) .27 

The Design of User-CbmpUter Graphic Conversations (J- Foley, George 

Washington University , and V. Wallace, University of Kansas). 31 

Computerized Adaptive Achievement and .Ability Testing (G Kingsbury and 
D. Weiss, University of Minnesota) 35 

INFORi'LATION PROCESSING, Clenda Y* Nogarat • -39 

Human Irifbrmatibn Processing of Real-World Scenes (I. Biedermari, 

State University of New York at Buffalo) ' ^1 

Human Performance at Night and in Darkness (E. Galariter, Columbia ^ 

Uriivers ity ) ; . i . i ; . i . i . • • • ^47 

Memory Processes in the Recall and Use of Spa t ial Cartographic 

Information (S, Kerst and J. Howard, Catholic University )...... 51 

Training Expert Decision Makers to Ignore Nondiagnostic Information 

(J. Shanteau, Kansas State University) i ........ -55 

LEARNING, biEMORY, AND TRAIvjSFER, Joel Schendel ^ 59 

Analysis of Reward _ Functions in Learning (M. H. Marx, University of 

Mis-sour i — Columbia) ; .-. j .-. v.-. .....-•-»•-. -61- - 

The Perceptual Organization of Behavior (D. Newtsdn, University of 

Virginia) 65 

Individual Differences in Visual-Motor Organization 

(J. Notterman, Princeton Univers ity )....--.•---•••••••••• - 



vi i 



Cogiiitive Learning Strategies arid Study Skills to Improve 

Re rent ion (C;b; Weitisteiri, University of Texas)...........,......... 71 

Investigations of Cognitive Cbritrbl Processes in Cbriditibriirig 

(b;b; Wickens, Ohio State Univers ity ) ................................ 75 

HUMAN RELATIONS, Glenda Nbgaini .......................................... 79 

Organizationai Structure and Leadership Ftctors as Determinants 
of Small Group Performance (A.H. Harris, Jbhris Hopkins 

University School of Medicine) ................. i .81 

A Task-Based Framework for Understanding and Improving Group 

Performance (D.M. Herold, Georgia Institute of Technolbgy) .......... .8 7 

A Study of Leader Behavior in- the effective Management of 

Organizational Crises (T.W. Milbarn, Ohio State Univers ity ) i .91 

Decisions About Causes of Poor Performance 

(T.R. Mitchell, University of .Washington) ..... i 95 

ISSUES AND TRKNDS , Paul A. Gade ......................................... 99 

Organizational Tolerance of Innovation: A Comparative Study of 

Military Organizations (W.R. Adkins, University of Alabama) ........ IGl 

Effective Use of Managerial Ability and Knowledge — Beyond 

Selection and Training (F.E. Fiedler, University of Washington) 103 

Social and Psychological Variables in Organizational Innovation 

(R.H. Davis, Michigan State University) * 107 

Concepts and Methods in the Study of the All-Volunteer Array 

(C. Moskos , Northwestern l^niversity) ..Ill 

AUTHORS. 115 

LIST OF FIGUI?'£S 

Figure 1. Variable ope rat irig cos ts pe r hour for 33 simulators 

and aircraft, FY 1975 and FY 1975 ......9 

2. Academic elimiriatibri rate in four courses befbre 

arid after implemeritatibri bri AIS at Lbwry AFB. ............... 17 

V i i i 



tiST OF TABtES 



Tabie I* Basic Research in Training and Personnel Systems 

Technology, Department of Defense, FY i98i . 4 



Research and Development Funds for Training and Personnel 
Systems Technology, Department of Defense, FY 1981 4 



Objectives of the Training and Personnel Systems Technology 
Program (6.1 — 6.4) of the Department of Defense..' 5 



4. Accession, Attrition and Reenlistment Rates in the 
Department of Defense, 1980 



5. Number of Students and Costs of Various Types of Individual 
Training, FY .1980 7 

6. Transfer Effectiveness Ratios, 22 Studies (1967 - 1977) 10 

7. Transfer Effectiveness Ratios for 24 Manuevers, CH-47 

Plight Simulator [Trials to Criterion] .11 

8. Courses Used in Various Studies of CAI and. CMI ................ 1 2 

9. Student Achievement at School for CAI and CMI, Cbmpared 

to Conventional Iristructibh^ in Military Training ............. 14 

10. Amount of Student Time Saved in Courses Given by CAI and 
CMI^ Compared to Cohvehtibhal Instruction, in Military 
Training. ..................................................... 15 

11. Arabuht bf Student Time Saved , Compared to Convent ibnal 
Instructibh, by Individualized Instruction arid by CAI or 

CMI on the same Courses ..................... i .................. 16 



12. Attitudes of Studerits and Instructors Comparing CAI or CMI 

to Cbriveritibrial Instruction in Military Training .......... i .. -18 

13. Number of Sources of Data bf Costs bf Ins trucC ion ... i 19 

14. Costs of Computer Systems Hardware. i 20 



ix 

10 

o 

ERIC 



AiU drftanizntlon arid Research Structure 



ARl traces its lineage Co Army research and application during ; 
Wtirlcl War I and is a direct descendant of such activities during 
World War Tt.. In. response to increasingly complex research needs in 
the behavioral and social sciences by the Army ARI has grown accordingly, _ 
^irid in October 1972, it was designated as the Army's developing agency 
for research and development efforts in the .behavioral and social sciences. 
A_ field operating agency of the Deputy Chief of Sta f f for Personnel (DGSPER) , 
it is made up of civilian scientists-including pisychologists, statisticians, 
and computer specialistis , military personnel, and appropriate administrative 
arid support personnel. The Institute is problem and product-oriented; 
responding to, and working with agencies and commands throughout the Army. 
In add Lt ion to _the headquarters and research center in Alexandria, Virginia, 
there are the field units, each located at an Army installation, nine in the 
United States and one in Europe, affiliated with the local Army command. 

ART wvtthin the Army Research Community 

ARI is the primary research organization in the Army for the human 
cdmpdnent, excluding physiological and system specific research.^ 
As the human component is involved in_all facets of the Army act iyity_ 

and systems at various stages of development^ the ARI research program 

IS multi- faceted. Most Army research and development is hardware oriented, 
following a more or less progressive sequence, starting with basic research 
(designated as 6.1 funding) concerned with research bri theory, new technology 
or to test concepts, progressing into exploratory development (designated as 
6.2 funding) which takes the basic research results and prototypes of alternate 
system cdmpbrierits or concepts to test their applicability^ into advanced 
development (designated as 6.3 funding) concerned with pilot testing sub-systems 
or total systems. As the ARl program is part of the overall Army research . 
program, its efforts are designated by the same phraseology (i.e, basic research, 
explbratdry development, and advanced development). However, because it deals 
with the human component, the analogy to the hardware develbpmerit cycle may be 
.less than perfect, as much cf the research, even at the exploratory and advanced 
development stages is non-system specif ic . In addltionr to a much greater degree 
than hardware development, the process is iterative, with research in a particular 
•irca-df research moving up and down "the research spectrum as conditions dictate. 
One possible example woiJld be basic research on skill acquisition and measurement 
of Army skills, and then selection aod testing of " an applied expansion of ^ the 
concept as part of a perfdrmarice testing system. The progression, then. Is 
to start with, a need, develop and test concepts relevant to raeeting that rieed_; 
in the abstract (in a laboratory), test them in an Army cdritext, and finally test 
'^hem as part of the system for which they are intended. 
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The placeiii mt of basic research in the sattie organization as 
exploratory and advanced develdpment research is unusual within the 
Diepartnient of Defense. This is a great advantage to both the basic 
research invest ip,at of and the ARI scientist having technical oversight 
rcTspdns ibili ty . It increases the flow of basic research findings into 
applied t'esearch and also the exchange of ideas between ARI and the 
bas ic research institutions . As almost ail 6.1, basic research, is 
performed through means of contractual efforts with organizations or 
institutions external to ARI, the practical benefit to the Army of 
the liaison to exploratory and advanced development through the 
scientists doing the work is quite ri^'jortant. 

Program Structare . ARI ' s current prog ra^ lies in the' following 
four areas: personnel and manpower; eJucation and training; training 
devices and simulation; and human factors in training and operational 
systems . As these titles imply , there is much ARI research that 
interrelates across program lines. There is also much of it which 
cuts across the boundaries of appl icat ions in systems-. 

The key point is that ARI research is along programmatic lines, i.e., 
manpower, training, etc., which cut across specific system considera- 
tions. It is not project based as is hardware, nor system engineered; 
in the same sense as hardware projects are. The technology base is less 
rigidly defined than that for hardware, yet is taxed for systems equally^ 
if not more, complex. Research and development requests are often 
entered at the 6.3^ advanced development levels requiring research to 
develop concepts or sub^systems for the progfammed. appl icat Lons . The 
result is a need to maintain research continuity through bardic and 
explorJitory development iresearch balanced by a measure of r'lexibil ity . 
Tn:basic efforts this means work araong the_areas above cori(;:inues^ but 
particular emiphases among them may change from year to year as may be 
the relative weight of given areas. 



KEYNOTE SPEAKER 



Foreword 

br: brlansky addresses the issue of cost-effective eval.uatibri arid 
use of Department of Defense (DoD) sponsored research results. Dr. . . 
Orlansky uses two evaiaation studies of the cost effectiveness of training 
innovations as examples of hqw research has helped to solve people- . 
related problems in the DoD. As part of his description of these training 
research projects. Dr. Oriansky provides us with an excellent overview 
of the purpose and function of DoD sponsored research and just how the 
whole process works; 
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RESEARCH AND DEVELOPMENT ON TRATNT NO 
AND. PERSONNEL IN THE DEPARTOENT OF DEFENSE 



josse Hrlahsky • 
Institute for Defense Analyses 

irit roduc tiori 

Dr. Arden L. Bement, Deputy Under Secretary of Defe?-se Rei^earch and 
Engineer Lng (Research and Advanced Technology) told Congress early in 

March 1986 that the continuing objective of the Science and Technology 

Prograni of the Department of Defense is to •^maintain.a level of technological 
Hupremacv which enables the United States to develop, acquire and maintain 
mi 1 itary capabilities needed for our riatibrial secur i ty" (Bement , 1980). 
Three specific goals for this program in Fiscal Year -1981 are: 



I- Provide real growth in the Technology Base (e . g. ^ precis ion- 
^guide(l smart weapons that are more autonomous and more independent of 
weather and battlefield erivirorimerits ) . 

2. Exploit the use of Ad variced Techno logy Developments (6. 3A) for 
more effective transition of technology to mil itary systems (e.g. , 
passive: infra-red search arid track, Ada common programming language , 
active and passive _se"ekers f or ant i-armor munitions, on-board oxygen 
generating systein for forward-based aircraft). 

3. Expedite a selected set of technologies which are of prime 
importance for protecting technological lead time (e.g., very high speed 
integrated circuits, directed energy^ advanced materials, manufacturing 
technology and embedded computer software technology). 

Dr. Bement also told Congress that Training and Simulation Technology 
is one of 13 selected areas in which there are major technical programs 
fo:r Fiscal Year 1981. Major efforts ^^;ill be made to. improve _ the technology 
of simulators, computer-based instruction, computer-based voice recognition 
and synthesis 'for training purposes, highl:y realistic , free play field 
exercises using laser devices for shooting, scoring and immediate feedback 
for training and the use of simulators for hands-on maintenance training; 
there will also be increased efforts to adapt computer-based arcade 
games arid harid-held calculators to military training purposes (Bement, 
1980, II-l to II-6; TTT-18 to III-2D) • 

The basic research programs (6,1) of_the three services in Training 
and Personnel Systems Technology for FY 1981, which support the work 
being reported at this 'meeting^ are sbox^m iri' Table 1. These programs 
Increased by $2.7 M or about 17 percent compared to FY 1980; this is 
about the average increase for. all Department of Defense research programs 
this year; (this increase is about double the increase shown by the 
Nationaf Science Foundation in the Behavioral arid Social Sciences this 
year). 



3 . 



Tcible 1 



Basic Research (6.1) in Training arid 
Pcrs brine 1 Syf=?t:ems TecHriblbgy Departmerit of Deferise, FY 1981 

Army $5.0 M 

Navy . 7.3 

A i r F b r c e ' 7.3 

$18.6 M 

The Departmerit of Deferise is riot a research agericy, p^r se , -sUch as 
the Natibrial Scierice FbUridatibri br the Natibrial IristitUtes of Health. 
Rather, it sUppbrts basic research ..arid applied research iri order to 
improve its bperat ibris - Table 2 shows f Urids for the basic arid applied 
efforts of the Military Services iri the area bf trairiirig arid persoririel 
in FY 1981. The main point to ribte is that rnbre fUrids are-rieeded tb 
develbp arid evaluate the uses tb which riew ideas cari be put X6. 2-6.4) 
than to create the new ideas themselves (6.1). YbU cbuld say either 
that the creation of new ideas and knowledge is not a major expense or 
that the investment in new ideas leads to large additional costs to 
develop and evaluate their results. Even greater costs than those shown 
here would be required for the procurement, operation and maintenance; 
over their life times, of new systems that come into existence as a 
result of some of the new ideas that are generated by basic research. 

Table 2 . 

Research and Development Funds for Training and 
Personnel Systems Technology, Departifient of Defense, FY 1981 



Activity Army Navy Air Force - TOTAL 

Dollars Percent 

Research (6.1) $ A.O M $ 7.3 $ 7.3 M $ 18.6 M 8.2 

Exploratory Develop- 20. 2 12.2 25.2 57. .6 25.4 

men t (6 . 2) 

Advanced Development 18.4 26.8 4.9 50.1 .22.1 

(6.3) 

Engineering Develop- 11.8 75.7 13.2 100.7 ,44.4 

ment (6.4) 



TOTAL $54.4 M $122.0 M $50-15 M $227.0 M 100.1% 
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Tnhle 3 shows the major objectives of the funds allocated to basic 
.imi n|)|)iic'(;i Pfsoarcii in tlie area of training and personnel; ^ these 
objectives are st.itoci by tlie Department of Defense when it requests funds 
from Congress to support this work; About half of these funds go to 
simulation and training deviC'^s; Total funds for training and personnel 
liave increased over the past few years and their distribution within these 
()i)ici-trve areas lias remained relatively stable; 

Table 3 

Objectives of tlie Training and Personnel Systems Technology 
Ptogram (6.1-6.4) of the Department of Defense 



Major Objectives FY 78 FY 79 FY 80 



Human Fa (tors 


$ 28. 


2 M 


$ 25. 


.5 M 


$ 33. 


, 1 


M 


18.5% 


Simulation & Training 


Devices 60. 


3 


65, 


, 1 


96. 


2 




53.7 


Education & Training 


24. 


1 


26. 


7 


24. 


1 




.13^ 


Manpower & Personnel 


10. 


1 


18. 


3 


25. 


5 




14.3 


' TOTAL 


^$122. 


7 M 


$135. 


4 M 


$178. 


9.' 


M 


100:0% 



Let us turn next to the importance of personnel in t'Vie DoD's budget. 
Tiiere are 2,059,000 military and 990 , 000 _ civi lian_persdnriel in the DoD, 
FY 1981. The costs of manpower in FY 1981 are $77.1 billion or_49_ percent 
of the_ tot^lmilitary budget ($158.7 billion) (Brown, 1980, p. 2631- 
About 350^000 new recruits are added each year; about 30 percent of these 
recruits fail to cpmplete their_ initial enlistment _(i.e.i are lost within 
3__y?nrs ~ FY 1978 data) ; only about 37 percent reenlist for a second term 
(Military Manpower Training Report^ 1979) . ; 

Enlisted personnel are lbs t at various points during a recruit's first 
term of enlistment as shown in Table 4. Cons ideratibri of, these data should 
suggest problems of interest tb research personnel cbhcerried wi th , e.g., 
selection, training, manpower , persbnnel management and morale; these 
appear tb be the areas in which different problems appear to be dominant as 
a^ecruit progresses during his first term. 
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table A 

Accession, Accritibil and Re-enlistment Rates 
in tlie DcpHrtment of Defense, 1980 



Months of Marine ._Air J^oT) 

Service Army Navy Corps Force Total 



ACCESSIONS 156,000 87,700 39,800 69,000 353,200 

(proiection FY 1980) 



ATTRITION 

(actual l-T 784-FY 79) 0-6_Tnos . 12% 12% 13% 10% 12% 

(actual FY 78-fFY 79) 0-Vl 18 15 17 15 16 

(projection FY 1979) 0-36 31 30 30 27 30 



V 

1ST RE-ENLISTMENT 43% 37% 19% 38% 37% 

(2-6 yrs) ' (63,800) 



RF.-ENLiST>IENT__CAREgRiSt ^66 62 52 81 68% 

(actual FY 1979) (2nd. (117,300) 
re-enl istment 
or more) 

TOTAL 56 ni 33 60 53% 



(181,300) 



SOURCE: AVF data base, ASD (MRA&L) , 20 March 1980.. 

The Department of Defense spends aboat $7.6 billion each year for various 
tvpes of individual training (see Table 5). To a large _ extent i_ this is what it 
costs to train the new people who are added to the Services each^.year. However, 
these are only the costs of training personnel at schools; these costs are 
known because they appear in various budgets. The costs of other types of 
training are not included here, e.g., on~the-.iob trainings advanced flight training 

for pilots, transition flight training, crew and unit training for weapons, 

platforms and support systems, field exercises and so on. These types of training 
activities occur in operational commands after an individual has completed school 
training. . These costs of training within operational _ commands are clearly very 
large but there is no way at present to determine their actual tnagriitudes. 
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Table 5 

NUMBER OF ^UDEOTS iWD GDST OF VARIOUS TYPES 
OF iNDiVil^mb IWS ivjl 1*3 , FY 1980 



Type of Training Number of Students Cost 

(Input, 000) $ 

Recruit 326 652 M 

One-station unit training 115 . 27^ M 
(Army) 

Officer acquisition 4 254 M 

Specialized skill 429 1,838 M 

^Undergraduate fliglit 6 828 M 

Professional develcpn^nt 

education 31 298 M 

Medical training 16 * 205 M 

Support* mgmt, travel 3,268 M 



$7,617 M 
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Ll'L UK* turn now to the prohlom of evaliuicing the produces oF research. 
'iliL^ gonerni qtiestion is vs^lvcLher it is possi'hlo Co assess what research oh 
I rn \ n 'ind personnel can do or has done to iio 1 p solve problems related 
to peo|*ic» in tlie neparCniont of Defense. t cannot do this for all types of 
rt'St'arcli on trainln;.i; and personnel. However, T can describe what was done 
in two Sf)ecifLc areas of military traihinje^. 

*t*he gene}; is of tills effort was a report of the Defense Science Board * 
(1976), an advisory group to the Under Secretary of Defense for Research 
and Hnglnuerlng . The report found tliat research and development had 
produc-od important innovations in training and that military traininj^ 
appL'art'd to be effective. However, very little had been done to determine* 
I lie cost and effectiveness of these innovations in training. As a result 
of this finding, studies were performed on the cost-effectiveness of 
riighr si.nuilators and the cost-effectiveness of computer-based instruction 
In military training (Orlansky and String, 1977, 1979). These studies 
will be summarized brie fly because of their inherent interest and because 
of tlu' (.-Hu^s they provide For Future research in training, simulation 
and training devices. 

Fl i gh t Simulator Studies 

The Military Services have markedly _ increased, their use of fligiit 
s imul a tors _since the oil boycott_of 1973 and the large increases in 
thcv cost of fuol For aircraFt. Tt turns but the flight simulators are 
nnirh less expensive to use than are aircraft- Based on some data we were 
able* to collect, the median v«'iriable operating cost of siiriulatbrs is about 
12 percent of that for the same aircraft (see Figure 1). The real 
qiiestibri, therefore, is how simulators compare to aircraft when used for 
training oi lots. 

[h order to answer that question, we used the Transfer Effectiveness 
Ratio, proposed by Stanley Rbscbe (1971). The Transfer Effectiveness 
Ratio coFiipares the amount of flight time s«aved to the amount of time 
spent i^n the simiilator as follows: 

Transfer Effectiveness Ratio = Yo - Yx 

X 



Where: Yo = Aircraft time, control 

Yx = Aircraft time, experimental 

X ~ Simnlator time, experimentzal 

We found 22 studies wliicb provided data on the time needed to train 
pilots in aircraft after- having been trained in flight siinulators as 
compared to training only in aircraft. These studies produced, the 3^ 
data points shown in table 6; the median Transfer Effectiveness Ratio is 
0.48. These data show that pilots trained in simulators learn faster in 
the air than those trained only in aircraft. The amount of time saved 
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Uh-1 



Siinulator, Operating Cost per Hour (dollars) 



Figure i. Variable operatingcosts per hour for 33 simulatorB^ 
and aircraft, FY 1975 and FY 1976. 



^0 



ERIC 



in air is nhout half tlie time spent in the simulator: Tliore is, liqwever, 

a very wide ranj^LV in the 'i'rans Ter Flf fectiveness Ratios tliat have been re- 
[xirtecl: Trom -0. ^ to 1 . 9. 



Table 6 



Transfer Effectiveness Ratios 
22 StudiGs (1967-1977) - 
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0 -0.10 0 0.1 0.2 0.3 0.4 0.5 0;6 0.7 0.8 0.9 1.0 1.1 1.2 



— i- [ 1 



N=3Z» TERs 



#1.9- 
"l.4 



Transfer Effectiveness Ratio 



According to a recent study by Holman__ (1979) , the transfer Effectiveness 
Ratios for 24 different rriaheuvers in the CH-47 flight simulator varied from 
.00 to 2.8 (see Table 7). 

In general, wc can say the following: simulators can be operated at about 
12 percent of the cost of operating aircraft ; they save about 50 percent of 
aircraft time. Therefore, flight simulators are cost-effective for training • 
jiilots. They rematn cost-effective provided pilots do not take more than 8 
t imes as much time in the simulator as it would take to train on some task 
onXy — in an ai r c r af t — (i.e. , — peicehL l l lultipll^iU by 8 wil l approximately equal 
100 percent). Economic studies show that the cost of procuring a simulator 
can be amortized in two years (the Navy P-3e and the Coast Cunrd HH-52A/HH-3F) ; 
a commercial airline amortizes its simulators in nine months. 
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; TalDie 7 

TRANSFER EFFEerf\^iESS RATibs FDR 24 MMEUVERS 
ai-47 Flii^iT SIMULATOR [Trials to Criterion] 



Fcxir v>;tieel taxi 

Cockpit run up 1.50 

SAS off flight , • 1-?^ 

Deceleration 1 • ?5 

Maxlrnurn take off , 1*25 

General air work 1.00 

Steep approadi 1*0® 

Two vs^eel taxi ^'^^ 

Confined area recon 1*00 

Hovering flight 'T? 

Nontel take off _ [T^ 

Confined area approach 'T.S 
Larding from hover 
External load briefing 
Take off to hover 
Traffic pattem 

Shallow approacSi '^^ 

Norrnal^proacii 

Confined area take off 

EsSemai load take off '50 

External load approach ^ .50 
pinnacle recon 

Pinnacle take off V^^ 
Pimacie approach 



Source: liolman/ 1979 
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Co .np ii-t-a4^4iase d Instructidh Stud i e s 



Before drawing any lessons for future research from these findings, 
lot us briefly consider computer-b .sed instruction for military training 
Thero are four possib] e methods of instruction: conventional instruction 
individualized instruction, computer-assisted instruction (CAi), and 
computcr"manap;cd rnstructidn (CMI) ; each has been used somewhere in the 
nepartrnont of Defense. 



There have been about 30 studies, of CAT and CMt in military training 
^mce 1968. The courses taught in these studies are shown in Table 
8. Hach study provides data bri student performance with conventional 
instruction and either CAT or CMI; a few studies also provide data on 
self--paced instruction without computer support. 



Table 8 

Cdursies Used In Varices Studies of CAl and ClVii 



Courses 



Basic electrcnics 
~ Eiectricity 
Ma^inist 

Training iTHterials develc^snent 
Recipe conversion 
Aircraft panei . deration 
Medicai assistant 
Vehicle repair 
Weather 
-T-ae^^alr-c6o rdii 3 at:or ( S-3ft j 
Fire ccntrol technician 
Aviation famii^arization 
Aviation -niecihanical fundanentais 
Inventory .rnanagoTient 
Materiel facilities 
Precision measuring eqiiipnent 
We^xDris mechahic 



Number of 
Evaluations 



CAI 



15 
5 
2 
1 
'2 
1 
4 
4 
1 



1 
4 



CMI 



2 
2 
1 
1 
1 
i 
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Table 9 shows stuflerit achievement at school with CAI or CMl, compared 
to cohvehtlohal instruction. CoTnpared to conventional instruction, student 
achievement is the same or slightly better with CAI or CMI. The small 
differences found sometimes in favor of CAI or CMI are statistically 
significant bu^: are riot thought to havs any practical significance. 

^Cuderittf iisirig CAT or CMI save part of the time required to complete 
the s-aihe.xcburses with cgriveritiorial iristructibri; the mediari value is about 
30 popc^rit Csee Table 10). _ There is a very wide range in the aTriourits of 
time s'dved: from -31 to 89 percent. The a-^.ounts cf tine saved by CAI arid 
CHI caririot be compared directly because there is no case where the same 
cTbursG was used for CAI arid CMI. 
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Stiuleiu: AchievemenL at School for CAI and/CMl, Compared to Conventional Instruction, in Military Training'* 



iits[ nn t loti 



IBM vm 
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CM I 
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Sliepphril 
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Kuosler 

North Island 

bnm Neck 

niini Neck 



Meinphls 
Memphis 



i. n w r y 
I.owry 

Lovry 

I.oury 



Stmlent Achievement at School 
(compared to conventional 
Instmctlon 



Inferior 



Total 1 



Total 0 : 
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Superior 
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Type of train InK 



Ehn-tronlcs 
Electricity 



Machinist 
Electronics 

Recipe conversion 
S/C panel operator 
Medical assistant 

Vehicle repair 

Electronics 

Weather 

Tactical c6-ord. 
(S-3A) 

Fire cootrol 
technician 

Fire control 
technician 



References 



Aviation 

familiarization 
Av^ iiiecH^ 
- futiclanieritals • 
-Ittvfnt'^ry-nijjmh — 



Materiel. 
Jncilltlc.?.. . 
Prec._ measuring 

..jgpt'. _ 

Weapons mechanic 



inM.(l968),.Lgngo.(I969, 1972),. 

. .G["ntl.&...Lpngn.(I?7lL_ 
Ford h Slough (J970)\ Hurlock I 

LihPV (1971, 19^72), Ford, SlouRh 

et ai. (1972) 

U.S. Army (ininance Center aiiil 
Schoor(l975) - - - : 

Stern (1975), l^aliey, Crawford et 
ai; (1976); SIoiiRh fi Coady ■ 

- (uhpiiliii)- - 

Erederlcks..fir Hbovcr-Rlce (1977) 
Cravford. Hurlock et al. (1976) 
Stelnkerchner» Deignan et al. 

(1977), Deignan 6 Duncan (1^77) 
Daliman, be Lea et al. (1977) 

Harris, Crossberg et al.-(1972), 

keesier AFB (1972, 1973)- 
Dbwrifi, ilohnsoh et ali (1972) 

Walker (1978) 



General Electric Ordnance Systems 
(1975), Radsken i Crosson (1975) 

Ceiieral Electric Ordnance Systems 
(1975), Radsken I Crossbn (1975) 



Carsofi; Crahani et a^ (1975) 

Cai-soh, Crnham et ah (1975) 

■firtdlT)r(!978)----- ^ 

BrlellnR (1978) 

BrlcllnR (1978) [ 

Brleilnfi (1978) 



^ . • , ^ Table iO 

* i 

Amount of Student Time Saved in Courses Given by CAI and CMI, Compared to Conventional 

instraction, in llitary Training' - 



iii'tiind of 
instruct inn 



CAI 



M 

(Jl 



CNI 
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System 



IBH 15(10 



PLATO IV 



ETS-3 
TICCIT 



PliTO IV 



Navy CMI 



MS 



Service 

A 



AF 
AF 
AF 
AF 



AF 
AF 

AF 

AF 



Location 



Signal CiS 
San Dtego 

Aberdeen 
San Dleijo 



San Diego 
North Island 
Slicppard 



Chanute 
Keesler 
keesier 
Nortii Island 

Datii Neck 
Dam Neck 



Memphis ■* 



Lowry 
Lowry 



Lowry 



Time Savlngfi 
(comparccl to conventionai instruction)' 



I 



i I 



II 



-50, -20 0 20 W 60^ 



III 



III » 



nil 



I I 



II 



I I 



II 



Type of training 



Electronlcfi 
ElecfrlciEy 



Hachinlflt 
Electronics 

Recipe conversion 
A/C panel operator 
Medical aBfilstant 

Vehicle repair 

Electfdritcfi 

Weather C • 

tactical co"ord, 
(S"3Aj 

Fire control 
technician 

Fire control 
technician 



Aviation 

; familiarization 
Av, loqch. . 
ffiiidaiiieiiCals 

inventory fngmt. 
Materiel 

facilities 
PretCt'iDeasuring 
.. eqpt. -. . 
Weapons mechanic 
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THoro are a few studies where a course waii given, three ways: by cbri- . 
ventiohal Liislructidii^ individualized instruction without computer support^ 
arid either CAI or CMI, Individualized instruction wi thbut . cbmputer- 
siippbrt saves student time as can be seen in Table 11; adding cbmputer- 
siippbrt to these courses does riot save much more studerit time. 

Table 11 ; 

Amount of Studerit Time Saved^ Compared to Coriveritiorial Iristructibri, 
by Iridividualized Iristructibri arid by CAI br CMI 
bri the Saiiie Cbiirses 



Mt'thoil of 
Inst rut- 1 1 oiy 



CMI 



Ml 1 1 InR 

\.ntUe 

trn In 1 ng 
ma tho(js 

CI rriiitn 

CI rc 11 Its 

Aviation 

fnmi 1 larlz.-iC toil 

Avl.it I bh 

fariil 1 lar I ?:at lori 

-Aviation moch. 
fund . 

Aviation mecli. 
'i fund. 

^r»ycntory 
manoRemonC 

Matpriel . 
f ac littles 

Woapohs 
mechanic 



System 

PI^ATO TV 
PLATO IV 

PI.AtO iv 

US- 3 
I.TS-3 



NAVY CMI 



NAVY CMI 



NAVY CMI 



NAVY CMI 



AIS 



AIS 



^Individual i?:pd 



•A 



• CAl/CMI 
AW 



lam 
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AO 



60 



Ro f proncp 

Artnv CSS (1975) 
Army C&S <1975) 

Armv C&S (1975) 

Kecslcr (19 72) 

Kceslor (19 7A) 

CarsoD-et al , 
(1<?75) 

Carson ct al. 
(1975) 

Carson ct al . 
(L975) 

Carson ct a 1 . 
(1975) 

AIS (1978) 
AIS (1978) 
AIS (1978) 



100 



Time savings compared to conventional Instruct ion, 
percent 



Four courses were given by computer-managed instruction for about four 
years at towry Air Force Base (using the Advanced Instructional System or 
AIS); Figure 2 shows that attrition increased in these courses over this 
period i However , student a tt ri tion for academic reasons also increased at 
the same time in ail courses at Lowry AFB; No effort has been made so far 
to determine how much of the increased . attrition is due to the introduction 
of compute r-raanaged instruction and how much may be attributed to changes 
in student quality. 
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FISCAL YEAR 



1978 



1979 



Figure 2. Academic elimination rate iti four courses before and 
after implementation on AIS at Lowry AFB; 
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Thosp stuciiGs niso show generally that students are favorable to CAT 
an(i CMi ; tin* iiiKtrnrtors do not favor CAT or CMt ijt/ible 12). 

Table 12 

Attitudes of Students and Instructors Ccriparing GAI 
or CMI to Cdnvehtibrial Instruction in Military Training _ 



Attitude to CAI/CMI Students Instruct ors^ 





ICAI 


ayn-l 


GAI 










Favorable 


29 


8 


1 




No difference 


1 








Unfavorable 


1 




4 




No report 


1 




27 


4 



TOTAL 32 8 32 8 



Note . All data are number of reports. 

- - — _ _ _ _ _ _ . 

Favorable to CMI at firsts changing to unfavorable by end of study 

The costs of instruction include cost for tHe. procuronent of. 
hardware/ sof t^re and. courses\^re; ar^ for instructors, students, 
materials, and managattent- Vfe fcsund only limited arnDonts of data 
on the costs of settle of the resources needed for instruction 
(see table 13). 
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Table 13 



Number of Sources of Data on Costs of Inst ruction 



Rfsoiircf {tv;»c i^r (urtctltin) 



ht *n;t.im ti»«s i p.n ^ 

i t»';t met inna j m.n r f r In I s : Convent lonaj in-'t rtir t ion - 

Inii i viiittni i 7.0*1 instruct ion 
Pro^»rnnimIn^; 

First iinl t prodtict iiin^ 
(lopijm! or-H.-iKril Ihstriict Ibri 

- - . 

Prof'ram drHv»'rv 

In*:r riit- 1 Ion : Inst riictors 

Inj^t rtirt lpnn I support pcrsoniiol^ 

Ipim'iit antl 'icr v If<»s: ^ lr^»^prn Hiry ( I iic 1 . slrmilators) 
Med In di'vlrps 
Computer .systpms 
{'ommun Irat 1 <ins 
M.iU-rt.ii'i (iiu i. i <->ir;timabU'S) ^ 
K.K- li tt ic;'" 
i'roi'ram matiapi'iruMil and aJmlii f st rat i nn 
Stti(l« tit jM» rs«iiiiu- j : Pay and a 1 Ibwarir.f^s 

Otiicrs (PCS, TDY, rtr. ) ' 



Mot K : Sfiadt'd rrlls afo riot .ippllcablo. Rlnnk rolls Indicate Lhnt rrlrvnnt cost data are not available. 

lucIiKlfs TU:c:iT, IBM 1500, I.TS-1, nETS, nnd an oxperlmental shlpbonrd system. 
'^Iiir]nd*'S revision. 

Mast IT < <ipv. ' ■ • 

''i\Il direct porsoiinel not Includoci In ocIut catogortos. 

*intiii(K's ali hanlwaro related costs: initial (Inriudinp tristaUation ari<i clierkbtit), niod i T I cat I bri , arid re j>l nreniprif : 

operation ancj maintenance: lease antl user ft-es: computer system sbTtware: otr. 
^Intjiities etipies of 1 nst rue t loria I mn t er I a Is ! (jjboks , rtuirsewnre eoplrs, etc.) 
^'St riiiTtire!: , rixtiires, arid rurril sHIh^s; 

''i:;Ti>or.it orv rqn I pm»«rif . aiid m<MlIn devices nre appl.tcnble to allrrrthnds nf _ I ns t rijr r I on (oxrept wIhto sIniulntPil In CAI 
tiMTT: ) , and tJiere Is no reason wlw rosts of cheir usp would d'ffer with mothiul nf Instruction. 

'iN'rm.iHiMtt <'lianKP stntl(m, temporary duty. 



As can be seen in Table 14, hardware costs alone for some current 
systems can vary about $35,000: for a single , s tarid-albne CAI terminal to 
over $10 M for a system with 1000 terminals . On a per-studerit hour basis, 
the latter would be less expensive than the $35^000 starid-albrie terminal 
provided, of course, that there were enough students to keep all 1000 
terminals busy 2000 hours per week for five years. Using the same basis 
of comparison^ CMI systems are much less expensivie than CAI systems.. 
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■ Tabled 
Costs of Coiiipiiter Systeiiis 



Method of 
instruction 


Coiiipiiter system 


Central 

cost 
(thousands) 


.unit cost, 
(thousands) 


. System 

. • cost 
(thousands) 


System 

per terminal 
(thousands) 


System 

per student- 
hour^ 




•IBMSOO . 
32 terminals^ 




1 


$ 800 


$25 


$2.49^ 


i 


i.OOO terminais^ 


$5,000 


$5.7 


10,700 


11 


1.48'' 


Ciil 


;ticcit 

\ 32 terminals'^ 
. \ 64 terminals 

■\128 termiiials 

'\ 


r 

760 
870 
970 


2.9' 
2.8 
2:8 


■ 850 
1,050 
1,330' 


27 

16- 

10 


.2.66 • 
1.64 
1.04 




GETS 

.\ _ 

11 terminal 


mm 




3^ 


34 


3.40 


CHI 


NavylCNI 
.6,000 students^ 
16,000 students^ 


2,300 
2,300 


' m. 

U.3 


5,020 
6,880 


: 34 
22 


0.07 
0.04 



0 



2,000 hours per terminal per year for 5 years. 



b 



Includes maintenance. ' Based on lease rates and amortizing equipment over a 5-year period, 1967 j 1972, 
1977. 
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d 



Control Data Corporation quotation, from private communication dated 14 August 1978. 
Based oti 725 active terminal constraint. 



Hazeltiiie quotatio. , from private communication, 1978. 
f. 



Q 120 terminals at 50 students per terminal, 1977. 

O'ERJC g - - 

j i^amam ^320 terminals at 50 students per terminal; 1977; 



Discussion 



taketi together, these two studies clearly show that research reiated 
to flight simulators and to computer-based instruction produced results 
with significant benefits to military training., Most of the support for 
research and development in these two areas came from the Department of 
Defense, .although other government agencies were also involved, e.g. , 
NASA on flight simulation; the National Science Foundation and the 
Nat ional Institute of Education on computer-based ins true t ion . 

These studies also show that it is possible to evaluate the utility 
of research; I assume that expenditures for research in some areas have 
produced little or no useful, results . Each of you may have your own 
ideas of areas of research that should be on such a list. 

To avoid a risk of being misunderstood, I'd like to emphasize that I 
am talking ibout evaluat ing appl ied research and no t basic research. 
Support of studies in the basic research area is determined, presumably, 
on the basis of -such criteria as the relevance of the work tp the mission 
of the Department of Defense (i.e.^ the criterion specified by the 
Mansfield Act), the competence of the research team, to perform the 
proposed work^ how long it would take to complete the_ work and whether 
the required funds are available. It is the responsibility of the basic 
research groups in the Department of Defense^ such as the Air Force 
Office of Scientific Research and the Office of Naval Research ^ to 
identify basic research areas that are particularly relevant to the DbD 
arid' to identify those research results which should be de\7'elbped. arid 
used. That is riot, per ^s-e-, the direct obligatibri of the people Who do 
the research. 

Now , let's turn to some less oris for f UtUris research that may be 
drawti from the two studies on flight trainirig arid computer-based instruc- 
tion. I wish to use a short and highly relevarit list rather thari a Ibrig 
and inspiring one to which no one will pay any further attention. 

transfer- of -Tr^ning 

\'(hat are the factors that influence the amount of. transfer of 
training from the flight simulator to the airplane. I speculate that, 
among other factors, the amount of transfer has to do with the nature of 
the task being trained, the ievei of experience of the pilot, the per- 
formance characteristics of the flight simulator and how performance is 
measured in the simulator and in the aircraft. 
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Vtsnai Displays 



Wh.it perceptual characteristics are needed in visual displays of the 
external world in flight simulators? A visual display, whether generated 
by a computer or a model-board^ it the mpst expensive component of a 
modern flight simulator;, it may cost from_$0.5 M to $6.0 M arid account 
for one-third or more of the cost of a flight simulator. The obvious 
questions about such visual displays are how much arid what types of 
texture and detail are needed, how to measure the Perceptual quality of 
a display, and what should be its size, resolutiori, brightness, contrast 
arid color. These are impbrtarit questibris because each of these character- 
istics can be translated iritb erigirieeririg specifications which, ultimately, 
affect the cost and complexity bf the visual component of a flight sim- 
ulator. 

Student Time Savirigs 

\^at factbrs cari explairi the different 
savings found iri studies bf cbmputer-based 

Perfbrmarice a^ School and on the vJoh 

\^at is the relationship between student achievement at school and 
performance bri the jbb? This question applies to all methods of instruction. 
I did ribt meritibri previously that test scores at school were used as the 
basis bf comparison in all the research that compared computer-based, 
iristructibn to conventional instruction. My general impression is that 
military training is intended to prepare personnel to perform some job _ 
iri the field and only incidentally to pass some test at school. Research 
bri the effectiveness of various methods of instruction has been conducted, 
sb far, bri t!ie basis of convenience and not particularly on the basis of 
relevarice to military training. 

Student At tr-xtiiori 



Does computer-based instruction really increase student attrition? 
Xnstructor^s Attitudes 

What steps, if any, could be taken to improve ins true tbrs ' attitudes 
to computer-based instruction. This question may invite more applied 
than basic research. Nevertheless, it is offered as a suggestibri to 
those concerned with research on technological iriribvatibri, manpower 
policy and morale. 



amounts of student time 
instruction? 
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Computer-Based Systems 



Beatrice Varv 

The term Cbmputer-Based Tnstrnction (GBI) encompasses a broad 
spectrum of activities — including (bat not limited to) computer-assisted 
iristriictlbri (CAT) and computer-managed instruction (CMl) . Students learn 
by direct interaction with computer tn GAT , whereas in CMI , students _ 
typically liearri from books and other sources, but , receive guidance and 
t:^stLng via the computer. 

Through its integrated -themes and in-house and contract nrograms, the 
Army Research Institute has supported not only CAl and CMI projects, but 
also more sophisticated efforts, ranging from artificial intelligence 
CO computerized adaptive testing. Much of the emphasis has been in on-line 
interactive systems that permit person/computer communication in relatively 
unconstrained natural language. Army students have characteristically related 
well to this form of instruC|Lion. Current time^sharing computers are not 
only dependable and endlessliv patient, but they have the added advantage 
of being available to work aft all hours and in all environments. However, ^ 
the computers' instructional' ef f ectiveness is limited by the current 
state-of-the-art with respedt to the learning pirbcess. Therefore, much 

of art's research has included attempts to answer the questions of why 

we learn, how we learn and liow knowledge is integrated into coherent wholes . 

Tt is not inaccurate to say that our computer-based instruction research 

has dealt as much with exploring the learning process as with controiiing it. 

Although CBI has not tijrned out to be the panacea that early devotees, 
predicted, the problem does not lie with cbmputers, whose potential is 
just beginning to be fully] real ized. Several trends o f t^e 60 ' s and 70 ' s 
have converged to change the butlbok fbr the future: 1) there is now a 
significant body o f knowledge garnered from a variety of provocative 

experiments and conducted lih both the private and military sectors, and^ 

2) the amazing progress in computer technblbgy, along with the steady down- 
ward spiral of hardware, cbs ts has made cbmputerized' education look more 
attractive. ARI is explO|i:irig the pbssibility of combining computers with 
other spatial _datamariagemerit systems, tb prbvide enhanced interactive 
capabilities for military educatibn, training and testing. The three^ 
abstracts which fbllbw represent a sampling of the computer-based instruction 
efforts currently being/' /Supported. 
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IJSKS OF CONtl^UTRR-ASSTSTED INSTRUCTid^ TN DEVELOPINn 
AND ^lAINTAININO PSYeHOMOTOR SKtLLS 



Jan Berkhout 
University of. South Dakota 



BACKOROUND 



The University of South Dakota research program in psychomotor 
training is based on three theoretical sources. A primary concept has 
been the segregation of psychomotor learning into three discrete categories 
comprising a) paired-event iearning| b) integrated sequences of activity 
(tSAs) and motor schemas and c) translation functions These categories 
have evolved from distinctions first made by Welford (1976) arid Stelmach 
(197B; 1978), which can be elaborated into^ a systematic ^orgariizatidn of 
parallel, simultaneously available psychomotor storage and executibri 
mechanisms. 

Each of these three major storage and execution systems has a Unique 
pattern of acquisition over time, of decay over time, and of degradation 
under stress. It is only by monitoring these acquisition , decay and 
degradation patterris that the relative contribution of each system to a 
given skilled performance can be determined. It happeris that the mechanism 
medlatirig the fottnation of motor schemas and iritegrated sequences of ^ 
activity is the one most amenable to computer mediated interactions with 
the skill-acquisition processes required for heavy machinery operation. 

A second theoretical source of our computer-mediatibri procedures is 
D. H. Hblding's description of the various possible formats in which 
knowledge of results m^y be presented to a student (Holding^ 1965 ) . 
Hblding observed that the nature of such knbwledge was an integral : 
feature of any psychomotor training system. Knowledge of results may^ be 
either intrinsic of extrinsic-the extrinsic knowledge being artificial, 
supplementary, and arbitrarily scalable. Extrinsic knowledge of results 
may be concurrent or terminal, discrete or cumulative,^ and immediate or 
delayed; Each format has advantages ,and disadvantages that must be 
evaluated on a case-by-case basis. 

The final source of our training interactions arises from the field 
of biofeedback training, in which artificial displays of physiological , 
events are used to develop volitional control of the underlying physio- 
logical TTiechanisms. The _bio feedback literature (Aidine Annuals , 197-^.- 
1977) is a rich source, of examples bf studies in which the problems of 
fiDrmatting and presenting supplemental displays during a training process 
are, dealt with, particularly the prbblem of weaning the experimental __ 
subiects from reliance on supplemental or extt^insic displays, and establishing 
a performance based entirely oh intrinsic cues. 
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PEUOR RESEARCH PROGRAM 



Our expcpimchthl program to date has used a truck-transmission gear- 
shiftiag cask as a "test bed'* task which could be readily learned and 
was readily scalable as to performance quality in several dimensions; 
This task has been taught to several dozen groups of subjects using 
different formats of extrinsic supplemental. displays and different rates 
of display up)dates (Phillips & Berkhout, 1978). We have found that con- 
tlhubusly available analytic displays do enhance task acquisition, but 
that these displays in effect convert a portion of the learning task 
into a tracking task. The process _of withdrawing the display then pro- 
duces a substantial performance deficit. We also found that terminal 
displays, both numerical and analytic, arid both discrete _and cumulative, 
W(3re useful tools in initial training. They were also efficient aids in 
re-establishing performance after a period of_ several weeks of disuse. 
As in most biofeedback erivirbrimerits , the displays were p)resented without 
detailed instructions arid did riot iricbrporate discrete error messages. 

The problem of withdrawirig the siipplemeritary kribwledge of results is 
a major one. Degraded, truricated or faded displays have proven to be 
very poor techniques for weariirig students. Alterriatirig display and no- 
display conditions is more prdmisirig. While arialytic displays may be 
better training tools, numerical displays are mbre readily withdrawri! 
After long periods of disuse, numerical scores are more efficierit thari 
analytic displays in re— establishing origirial levels of perfbrmarice. 

The value of computer technology in preparirig arid preseritirig these 
displays is pervasive and ub^^quitous. Everi small amburits bf calculating 
and formatting capability have proven to be bf value, althbugh the more 
power available, the more sophisticated the displays cari be. Cbmputer 
capability is also of value in stpring historical data prbvidirig ready 
comparisons between current perf orinance , historical performance, and 
reference group data for individuals or large trainee reference groups., 
l^ile ex'tremeiy high fidelity task simulation and rapid response time 
may be necessary for multi-crew interactive training, virtually any 
small amount of computer capability can be used to advantage during the 
stages of individual skill acquisition in a part-task simulation. 

CURRENT RESEARCH PROGRAM 

Current studies call for training all subjects to a certain criterion 
level of skill, with ^he time required to reach such levels being the 
dependent variable. This seems to be more comparable to present military 
training practice than our prior procedure of exposing all students to 
equal lengths of training. As one aspect of our current program, we 
will continue to explore various formats of displays and withdrawal 
prbceduresT Particular effort will be devoted to developing concurrent 
displays which are cbmpatible with ongoing tracking acoustic displays 
fbr uMfe duririg' this early part of training. Current work is similar to 
our prior studies in general design, but will carry the students to a 
higher level of perfbrmance, and explore additional display formats. 
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Our current program also iiicludes a study of compuCer-mariaged in- 
struction. Tlu» Interaction of man and machine in a monitored simulator 
generates enormous amounts of data about the students' performances, 
most of which i.^ lost in present types of training sinj:e it cannot be 
presented to tlae student in any meaningful way during the. process of 
skill acquisition, \^iie computer-assisted instruction - in which a 
small portion of thiHp' data is available to the student enhances the 
learning process and is more^- cos t-ef f ective than live one-on-one instruc- 
tion, it is possible that greater benefits could be provided by displaying 
the available information to an instructor. Under a computer-managed 
training system, the instructor can monitor several students s imul taneously j 
and can examine much more information about the students performance 
than they could digest themselves. The problems of formatting and 
updating displays are similar to those encountered in the computer- 
assisted environment. We intend to run training sessions in which naive 
subjects are drawn from the student pool, arid given a limi ted amount of 
instruction in, teaching the task at hand^rrther than performing it 
themselves. These^ novice _ instructors will have a large amount of information 
available to them arid various ways of brgariizirig arid preseritirig it will 
have to be developed. 

Proper CAI strategies may also facilitate the iritegratibri of part 
task into whole task performarice. We are exploring the use of the 
computer as a timirig arid cueing device , to be used in bringing the ' 
pacirig and sequencing of learried sub tasks under some form of control. 
In this approach it is convenient to separate the three mechanisms of - 
psyc^homotbr learning defiried above, arid break them irid ividually but of 
the overall performarice erivirbrimerit . Computer mediated cueing arid 
pacirig instructions can serve to enhance paired-everit resporises arid 
I imitecf schemas which may be embedded iri a niore elabbrate learried seqiierice . 
bf motbr but puts, 
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THE DESIGN OF USER-COMPUTER GRAPHIC COIWERS ATI ONS, 

Jaities D. Foley 
GiBbrge Washington University 
Victor L. Wallace 
University of Kansas 



The subject of our riBsearch is interaction techniques for use with 

computer graphics systems. Interaction techniques are employed by 

graphics system users to convey cbmrnarids and other information needed to 

carry out the commands. There are a multitude of interaction techniques . 

Each has some purpose, such as to specify a command, designate a position, 

or select a displayed objective, and is implemented with some device,^ 

such as a tablet^ ^ioystick, keyboard, light pen, track ball, or potentiometer. 

Typical techniques are command selection from a menu using a light pen, 

specifying a position Using a tablet or .ioystick along with cursor 

feedback on the screen, typing a numeric value on a keyboard, or designating 

a displayed object with a light pen. 

- Interact ibri techniques and devices are an important part of the 
user-computer interface. We all recognize, from our own experiences 
with interactive cbmputing (not necessarily with interactive graphics) , 
the cbsts bf . pbbrly-designed interfaces^ Coming in many forms, the 
cbsts can include less than peak user productivity, user frustration, 
increased training costs, the need to redesign and reimplement the usej 
interface, etc. Specific experiments confirm that the costs are real . 
How can we avoid these costs? Where- can we turn for 'guidance? There 
are three basic sources of information: experience-based guidelines ^ 
experiments with interaction techniques, and traditional human-factors 
texts. -'^ 

Over the past ten years much experience-based lore has develbped 
concerning what makes interactive granhics systems easy (br hard) tb 
use, and concerning the pros and cons of various interactibri devices and 
techniques. Much of this lore has not found its way into the literature . 
Furthermore, that portion of the lore which is found in the literature 
is typically scattered amidst application descriptions. Only a few 
writers have attempted to summarize their design philosophy br. their 
accumulated knowledge and experience. These papers represent brie source 
of guidance. 

A modest coiiection of experiments comparing, different iriteractibn 
techniques ha:^ been undertaken, starting in the late 1960's. Some of 
the experiments have been performed, by cbmputer scientists, others by 
human factors specialists, and still ofhers have beeri done collaboratively 
by multi-disciplinary teams. The results of these experiments are often 
useful, although generalizing beyond the specific circumstances xDf the 
.experiment can be difficult. 
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Tlu» t'inal. source of guidance is the "traditional" human factors 
texts ^ which typically cdriceritratie bri human capabilities and capacities, 
auditory and visual irif brmatibri presieritation human control of systems 
(riot generally of cbmputer systems), and arrangement of vork spaces. A 
few more cbritempbrary texts give major consideration to computer issues. 

The difficulty with these sources of guidance is that they are 
sometimes hard tb Ibcate, may be the Jargon of experimental psychology, 
and hardly ever use cbrisistent terminology. Consequently, the designer 
of ah _ interactive system must tb a large degree rely primarily on personal 
experiences, arid bri thbse of colleagues. 

The iriterit bf this research is tb integrate, within a unified and ^" 
logical structure, a significant arid useful body of the experiential and 
experimerital cbriclusibris drawn' frbm these sources. 

There appear tb be six basic interac tive tasks in an interactive 
graphics dialbgue. They are; 

Select, from a set of (displayed) options 

Pbsitibri a cursor or displayed entity 

Orierit a cursor or displayed entity 

Path create a sequence of positions or , orientations 



Each task can be implemented with any number of different techniques, 
using many different devices. The techniques can be cbmpared bri the 
basiR of their speed of use, error rate, learning time, arid fatigue 
factor .(which is reflected in speed and errbrs). 

Each of these comparison factors has rbbts iri the cognitive, motor, 
and perc^eptual components of a technique. Tb be able tb precisely 
"identify these components^ we have develbped techriique diagrams , a way 
to represent many of the details of a techriique. The diagrams also have 
{Proven useful in our study of experiments dealing with interaction 
techniques. 



Quantify 



with a scalar value 1, 



Text Input 



a character string 
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the results of this work will be^ 

A designer's haridbobk, describing the techniques and making 
recommendatibris as to their effectiveness in various situations. 

Recommendations for experimental investigations of certain 
techniques. , 

technique diagrams for the techniques and experiments, 
A summary arid critiiqiie of r^l^vant experiments, 

/ 
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CCWUTERTZED ADAPTIVE ACHIEVEMENT AND ABILITY TESTING' 

Gi Cade Kingsbury 
David J. Weiss 
University of Minnesota 



A daptive Afc^i^vt^^^ sting 

Placement of recruits for effective utilization of each person's 
capabilities has been an important problem to the military services, and 
considerable research has been directed toward accurately measuring each 
recruit's abilities. Ability test batteries have been developed for this 
purpose, but until recently have been lim'ited in their usefulness because^ 
of the re:str ictions imposed by their uaper-and-penc il mode of administration. 

However, the use of interactive computers to administer ability tests 

has brought with it the promise, of improvements in the measurement of both 
abilitv and achievement by utilizing- the capability of interactive com- 
puters to dynamically adapt (or tailor) the test to the individual daring 
the process of testing. Early studies oh computerized adaptive testing 
(CAT) (Weiss, i973, 1975, 1977, I97_S) supported the predictions of more 
precise measaremen ts and a more efficient measurement process: 

niven the availability of interactive cdmputers for the administration 
of ability tests, there are many ways of adapting tests to the individual . 
Thus, an important focus of this research is to evaluate the relative 
utility of a variety of adaptive testing strategies. Earlier studies 

(Weiss, 1975) were, primarily concerned with the comparison of. these 

strategies under perfect cbriditibris by computer simulation, or in non- 
military populations. A recently completed study in a military recruit 
population, however,, showed consistently higher reliabilities and 
validities for an adaptive test in comparison to a conventional test of 
the type currently used in the ASVAB. The data showed , for example , that 
an 11-item adaptive test achieved the same validity as a 29-item conven- 
tional test. 

A second study was concerned with the- performance of adaptive 
testing strategies under realistic conditions in which the test item 
parameters (e.g., difficulty, discrimination) had varying. degrees of 
krror in them. The data showed some differences in correlations of 
estimated and true ability levels for adaptive testing strategies for 
very short ( 10-i tern) ' tests , and virtually no. differences for 30 item ^ 
tests. In addition, even when the adaptive tests were administered with 
error-laden item parameters , their validities were consistently higher 
than those of conventional tests with error-free item parameters. Taken 
together, these two studies support the higher validities of adaptive 
over conventional tests under realistic testing conditions. 
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Adapt LVf ^"^(iJi iovc^ment Testing 



The second focus of the research program is the adaptive measurement 
of individual achievement within an instructional setting; Two applications 
oi-" adaptive testing technology to the measurement of achievement are 
currently being investigated: 1) the use of an Adaptive Mastery Testing 
technique to make educational decisions , and 2) the development of a 
procedure for Self-Referenced Testing to measure individual growth in 
achievement. : 

Adaptive Mastery Testing (AMT) . The AMT procedure (Kingsbury & Weiss, 
1979) is designed to allow' decisions to be made concerning an individual ' s 
current achievement level, relative, to some fixed criterion level(s) for 
desired performance (i.e., mastery levels or grading standards). By ex- 
pressing the usual percentage correct mastery levels in terms of the 
. achievement continuum used in item characteristic curve (iCG) theory, GAT 
procedures may be used to quickly and accurately determine whether 
an individual passes or fails to pass the criterion levels. 

The efficiency of the AMT procedure has been investigated in both 
real data and monte carlo ,simula*:ions which have shown the AMT procedure 
to be effective in reducing test length by 3.0.4 tp 61.3 percent using 
a real item pool, while obtaining the same decision as a conventional 
testfor 89.4 to 98.5 percent of the examinee population. Using an 
artificially constructed item pool and simulated examinees, the AMT 
procedure reduced the conventional test length, by 13 to 53 percent, 
while making the correct decision more often than the conventional test. 

Self-Referenced. Testing (SRT) ■_ SRT refers to the measurement of 
individual growth in achievement during a course of IhstructibTii by 
measuring ah individual at several different times during instruction _ _ 
to determine whether or riot the course has had ari effect ori the iridividual's 
achievemerit level. Iri mastery SRT each studerit is tested agairist a 
personal standard of perfdrmarice, rather thari a preset criterion level, 
which is cdristant for all individuals. SRT is designed as both a 
diagnostic and. an evaluation tool. By examining an individual's SRT 
achievement profile at various times during the course of ins true tidri 
it might be possible to Identify individuals with certain types of 
learning disorders or individuals who were incorrectly placed in the 
instructional sequence. Or, by identifying similarities across many 
individuals' profiles, it might be possible to detect points at which 
the instructional procedure needs to h improved. 

The implementation of SRT requires both TCC theories and procedures 
and CAT procedures. The result should be measurements of individual 
growth which have adequate precision without prohibitive test length. 
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Information Processing 
Clenda Y; Nogami 

Information processing is an integral part of effective military _■ 
functioning; A soldier must be able to accurately identify and classify 
relevant new information, process and use that information, and store it 
for future use. The papers in the session represent the broad range of 
Information processing problems under investigation. 

Biederman's research focuses on identification and interpretation of 
information. He investigates the 5 classes of relations (iriterpbsitiori, 
support, probability, position and familiar size) which aid in distin- 
guishing between a real-world scene and a display of unrelated obiects. 

Can people be trained to use only relevant/diagnostic information in 
making decisions? Shanteau's results indicate that decision makers can 
be taught to ignore non-diagnostic information through '^active training. 

Ctaianter's presentation is on the processing and the use of information 
under less than optimal conditions--per f ormance at night. Galanter dif- 
ferentiates between performance in the dark (one dimension of "night") 
and performance during a specific time frame during the quotidian cycle. 

Kerst and Howard are concerned about the processes by which people 
are able to store cartographic informatibri arid recall that information 
for later use. Their investigations reveal that storage, accession,._ and 
manipulation of visual arid spatial relatibriships can be understood with 
psychophysical pririciples. 



HUMAN rNFOR>tATT0N PROCESSING OF REAL-WORLD SCENES 

Trvirig Biedertnari 
State University of New York at Buffalo 

Of furidaiHental importance to the fiirictibnirig of tnariy Army personnel 
is the intGrpretatidn of informatibri from real-world scenes. While mdst 
cDHtral to such activities as, target detection arid acquisitibn, iinage 
intGrpretat Ion, visiicil flight recbririaissaric e arid vehicle cbritrbl, the 
efficient interprotatibn bf scenes comprises a vi tal cr iter ibri fbr the 
evaluation of a wide range of military applications frbm equipmerit desigri 
to J camouflage; The focuis of this research is bri the perceptual recbgrii- 
tion of real -world scenes, particularly bri how people are able tb cbmpreherid 
:i novel scene in only a fraction bf a secorid. 

What is it that distinguishes a real-wbrld scerie from a display 
of nnrejated objects? Surprisingly, only five classes bf relatibris 
between an object and its setting niay be sufficient fbr characterizing 
ninch of this distinction (Biederman, 1980). A major experlinental 
strntegv which we have been following to study scene perception was to 
violate one or some of these relations so that incongruities were 
nrpduceci between an object and its setting; The violated relations 
were of 1) Interposition (or occlusion), so that the background appeared 
to be inappropriately passing through an object, 2) Support, so that 
the object appeared to be floating in air, 3) Probability, so that 
tlie object was unlikely to be in that particular scene (e*g,, a fire 
, hvdrant in a kitchen) ^ 4) Position, so the object, which was probable 
in the scene^ was in an inaporopriate position (e.g., a fire. hydrant 
on top of a mailbox in a street scene) ^ and 5) Familiar Size^ so 
that the object appeared to be too large or too small. 

Relational Violations and Scene Perception 

lilil Effects of Relational Violations on Object Detection 

Tn n b j e c t Pet: -^c t ibri experiments^ the effects of these viblatibris 
on the speed arid accuracy of object detection were measured., _In_ 
these experimerits, prior to each trial the sub j ec t read the label of 
a target object, e.g., ''fire hydrant." A central fixation point was 
theri preserited for 500 msec . , immediately followed by a 150 msec, 
flash bf a slide of the scerie. The scerie was, iri turri^ immediately 
fbllbwed (iri the pbst cueing experimerits) by . a cue (a dot) embedded 
in a mask bf raridbm appear irig liries.' The posit ibri at which ari 
object had been centered iri the scerie. Ori half the trials, the cue 
pointed tb the object that cbrrespbnded tb the target riame arid the 
subject was supposed to respond by pressing a "yes" key. Cued objects 
could either be in a normal position or undergoing one, two, or three 
violations. 



Tarj^ecs undergoing violations were less accuratrely and more slowly 
detected than when they were in a normal context. In general, the more 
relations an object violated, the more difficult its detection. Violations 
of the pervasi^ physical constraints of Interposition and Support did 
II bt interfere with detection more than the violations of those relations 
dependent upon access zb the referential meaning of the ob^j ec t ^ viz . ^ 
Probability, Position, arid Size. Also dbcumeritirig this remarkably fast 
access to semantic relations were the results of an experiment In which 
the target position was pre-cued; i.e., where the cue preceded the scene. 
That is, not only did subjects know what target to look for, they also 
t^ew exactly where to look. Even under these conditions, violations , 
rJtarded the de tectabili ty of targets. In fact., an effect roughly analogous, 
to the Reicher (1969) effect was obtained^ in that objects in a normal, posit ibri 
were identified more accurately thari wheri preserited by themselves. (The 
Reicher effect is that., the identification of a letter when embedded in an 
English word is more accurate than when presented by itself.) 



the Detection of the Violations 

In Vi<>latibrir Detectibri experiments subjects attempt to detect not 
the target object, but the preserice of the viola tibris themselves. These 
tasks are roughly analogous to graTranaticality (or acceptability) judg- 
ments of sentences. The sequence of events on a trial is comparable to 
the pre-cueing Object Detection experiment. The subject was first 
provided with the name of a target object, then a fixation point was 
preserited which desigriated the position where the target always would 
appear. The scerie was then flashed (fbllbwed by a mask). 

In one (typical) experiment, the scenes were presented for 150 
msec, and all of the violations save one were detected at a very high 
(80-90%) level of accuracy. Violations of Interposition, however, were 
detected on only 60 percent of the trials in which they occurred. 
Chance was 50 percent. Multiple violations were detected at accuracy 
levels greater than 90 percerit. 

^? ?^P^^^? _f y^^^?** detectability of t;he various violations, 

another experiment was ran xn which the scenes were presented at very 
brief durations, from 25. to 75 msec. At 25 msec, performance for 
detecting both the presence of the violations as well as the accurate 
judgmerit of a normal relation was at chance. As the exposure duratibii 
was iricreased from 25 to 75 msec, subjects were able to detect all the 
violations with increasing accuracy save brie. The detectibri of Iriterposition 
became less and less accurate as exposure durations increased until it 
was significantly beio^ chance at 75 msec exposure duration. Why did this 
occur? Although violations of Interposition would affect the course of 
a figure^ground segregation system, itis our hypothesis that object, 
ideri tif.icatibri does riot require a preliminary figure-grourid segregatiori. 
An object's contours cari elicit recbgriitibri directly.- With iricreasirig 
exposure duration, the processing of these contours becomes more and more 
accurate yielding an increasingly accurate recognition of an object. The 
detection of a violation of Interposition, instead of being quickly signaled 
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by an early figure-ground segregation "system^ requires the detection of 

fine line segments which do not yield a recognizable object: The realization 
that an aggregate of line Segments is not yielding an identifiable object 
may be an achievement that is relatively "slow compared to the recognition 
that a well-defined object is in an otherwise (with the ei^ception pf -the 
interposition violation) normal relation to its_cbritext. jPut another way. 
violations of Interposition might produce wrinkles in an otherwise well- ;\ 
formed object in a nornial relation to its setting. Tttese wrinkies_retardi 
neither the identification of the object nor its relation.^, to its setting. 

The results of both the Object and Violation Detection experiments 
thus docament a remarkably fast access to the semantic relations among 
the objects comprising a scene:, fast enoiigh for violations of these 
relations to affect the detectability of individual obj ects ( in \the 
Object Detection experiment) _ and to be available even before the\ relations 
reflecting pervasive physical constraints (in the Violation Detection 
experiments). 

Ohe last experiment provided fur ther evidence for the relative speed 
in the availability of the semantic relations. _In a Violation Detection 
experiment where subjects were instructed to detect oniy the presence of 
a single kind of violation, e.g., Support-violations of semantic relations 
(e.g.. Probability) interfered with these judgments. That is, the semantic 
delations can be accessed so quickly as to affect not only the detectability 
of individual objects, but also the detectability of the physical violations. 
The last result underscores the important point that not only, are the various 
relations accessed simultaneously, but that this access is obligatory. That 
is, we cannot help but see a given obj ect as floating in air or improbable or 
out of position or looking too large or too. small. 

Routes to the Top: How Do We Access Semantic Relations? 

How are semantic relations accessed so quickly? Two routes to the 
top--to schematic (or semantic) information—are being investigated. One 
route is through an initial identification of one (or more) of the highly 
discriminable objects in a scene. This processing of_ the first object(s) _ 
would be independent of the processing of the.other objects. The implication 
of the route is that once an object is identified in the scene, we may 
quickly know the kind of company it keeps. That_ is , we have access to the 
probability relations.^ This information would then be used to influence 
the course of objert identification in another part of the scene. So, for 
example, if in looking at a scene we recognize or detect a stove, that will 
facilitate the perception of an object in_ another part of the scene , say a 
coffeepot. There is no doubt that we could use this information in a task 
that was relatively undemanding with respect to time. Given enough time in 




looking at a display of apparently unrelated objects (unrelated in the sense 
of having a consistent layout in a real-world setting), there is no doubt that 
we could categorize these objects as likely to occur from brie kind of scene 
rather than anoth_er. . Thus, if we sec a stove, a refrigerator, a cup^ a sink^ 
and a pot, we could likely infer that these are ail objects that would 
occur in a kitchen. But would the identification of one of these objects 
affect the speed of idef tifyirig another of these objects? 

The Gxperimehtal displays to test this route involve from one to 
six pictures of objects arranged around an imaginary clockface. In a 
modification of the Egeth, Jonides and Wall (1^72) task, subjects ^ 
nttempt to detect whether, a given target obj ect is_present in the 
display. The main variable is the likel ihood of the target obiect dccUririg 
c^mongst the objects in the display. In the High Pfobabiiity condition, 
jfor example, the target could be "lamp" and the display could contain drawings 
pf_an armchair, an end tabis^ a bookcase, a magazine,, a lamp, and/or a 
/cof feetablc. On a trial when the target was riot in the display, a stereo 
;might be shown in the place of the lamp: All of these objects could have 
j come from a living room. In a Low Probability condition, the display could 

consist of a barn, a pig^ a silo, a tractor, a Cow,^ and/or a chicken. Egeth, 
I et_ari. (1972) reported that a digit would appear to "pop out" f rom ^a displav 
I of letters. Would a lamp "pop but" from a display of barnyard creatures and 
I objects? If so, or even if the results went in the opposite direction in 
I which the lamp was more difficult to detect ambrigst barnyard objects, this 
I wbuld document a rapid access to the probability relatibris everi iri the absence 
of a scerie-like arrangement of the objects: 

A second, perhaps mbre iriteresting route to the semantic relations 

might be via features that are ribt those of individual .objects but "emerge" 
as objects are brought into gelation to each bther tb forin a scene. The form . 
of such features is not known bat their existence might be testable from an 
experiment in which the features of the objects comprising a scerie were so 
degraded that the objects were unrecognizable when presented individually. The 
critical questidri is whether scenes can be constructed in which these objects 
become identifiable when placed together __to form a scene. This Jesuit would 
suggest that individual features from di ffererit parts of the.visual field 
might combine to elicit the semantic relations fbr a group bf objects which, 
in turn, can exert a top-down effect to influence ideritif icat ibri. 

BackgrdUrid Gradierits, Expectancy and Familiarity: Some. Routes 

Nbt Taken 

^ Our experiments have provided evidence against three possible routes by 
which scenes can be rapidly and accurately perceived. Orie of these routes 
was through the existence of an arrangement of^ the dbjects iri depth. Iri an 
experimerit that compared the effects of presenting six unrelated dbjects" agairist 
a depth-like background (i.e. , a path, railroad , tracks, or a corridor) , the 
depth-like arrangemerit did riot facilitate identification compared to a blank 
background or a non-depth cdritrbl grid. The critical point about this experiment 
was that the objects could ndt be related semantically . This suggests that 
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spatial relations will only have a beneficial effect on bbiect ideriti'f icatibri. 
to the degree to which they aid in the achievement (or are cbhsequerices) of 
some uri'itary semantic represeritation of the scene . That iis, if the collection 
is a scene — say^ a ki.tchen — therr the perspective information cbatd aid in the 
achievement of a schema for the kitchen which, in turn, might facilitate the 
recbgriltibri of the object's. , ; ; 

There is typically a degree of predictability (or expectancy) from one 
glance to the next" in oar visual world. We might expect to see a living room 
when we entered a house for the first time--not a Burger King. We experimentally 
tester! whether such predictability could facilitate processing by priming a subject 
prior to the viewing of the scene, with a descriptor for that scene, for example, 
"kitchen." Would the perception of a kitchen be faster and more accurate than 
if such a prime was not provided? The theoretical issue under scrutiny here_ is 
whether generic routes to a schema exist which, if activated in advance, could 
facilitate perception. 

With respect to familiarity, it is the case that often-jbut not always-- 
we have previously experienced the_ scenes which we encounter in bur day'-tb-day 
lives. Can bur perceptions capitalize oh this experience? We posed this 
question in the context of our experiments by repeating scene backgrounds - 
daring the course of the experiment. On half the trials, a verbal prime was 
provided. The results were simple. Despite, the fact that the scenes were 
prbcessed to a semantic level--as evidenced by ah effect of viblatibris of the 
semantic relations, neither ptimirig ribr repetition of the scene backgrounds — 
that is, neither expectancy nor familiarity — facilitated the perception of 
a scene. 

Cbhclusibhs 



From a single fixation at a picture of a novel scene, a viewer can often 
extract, suf ficient information to comprejiend ; that scene. Neither a sequence 
of eye movements ribr mot'ibri iri the scene br bbsetver are riecessary for this 
processing. Semantic relations are accessed at least as rapidly as relations 
reflecting the pervasive physical constraints of Interposition and .Support 
which are not dependent upon referential meaning. The mechanisms fbr perceiving 
and iriterpretirig real-wbrld scenes can be triggered sb quickly arid efficiently 
that cbriditibris cari readily be found in which an expectance for a scene or' 
famtiiarity with it are neither necessary nor' even helpful toward its perception. 
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HUMAN ?ERFOR!!ANCF. AT NIGHT AND IN DARKNESS 

Eugene Galariter 
CbluTTibia University 

Cbritlriubus arid riigHt operations have been an intrinsic part of 
military act ivities since the latter part of the fifteenth cen-tary; 
Our iiriclerstp.ridirig of cbritinUbusly operating systems have not advanced 
as rapidly as the reiqUiretnerits for personal part icipatidn in such 
(irivirbrimerits . • Earlier cbncerris about human performance at night 
focused bri brie' particular brganismic change induced by those reduc- 
,tions; the dark adaptation of the human retina. The observed 
behavioral effect is a reduction in the absolute threshold for a visual 
stimulus during the first thirty minutes of darkness. Other similar 
I iries of psychophysical inquiry have explored the control over human 
detectibri arid discr itniriatiari exerted by the energy contained in the 
visuSl stimulus. These datia have led to the examination and 
eluc'ldatibri by spphisticated experimental paradigms of human factors 
constraints iri the design of visual ^^isplays* Thfi-idata have also led 
to ciefiriitibris of illumiriatidri standards for a variety of tasks, ^ 
iricludirig vehicle cbriirdl bpe.rations and system monitoring situations. 

Techndlbgy has largely overtaken these issues in .the form of 
night vision aids and forward-looking infra-red scanning systems. 
Thoughtful consideration of the effects of visual degradation as a 
result of low ambient illumination always recognized a component that 
was "psvchological. Thait is to say, difficulty in perceiving may 
lead to difficulty in coping with tasks that were not of a primarily 
visual kind.- We believe* these difficulties and their effects of _ 
performance may be induced by emotional, motivational^ arid attitudirial 
shifts that may be brought about by darkness and/or night. 

• Night and continuous missions often require people to wbrk 
under conditions of reduced sensory information (darkriess) at a time 
(night) when information processing and decision makirig capabilities 
are less than ideal. In order to understand the riature of hUmari 
performance at night, it is necessary to separate arialytically the two 
aspects of the human operator's task; performarice iri the dark urid 
performance at night. Night missions^ of course, cbmbirie bbth per f brmarice 
aspects, but this empirical co-occurrence should riot deflect atteritibri 
•from the fact that these aspects must be distinguished in brder tb 
assess their contribution to possible decremerits iri humari night time 
performance. That is, darkness may induce performarice difficulties that 
get superimposed on problems that are elicited indeperideritly by phase 
shifts in the rest-activity cycle. 



bur investigation of these probiems has taken two lines: experi- 
mental studies to examine the effects of darkness and nighttime, and the 
development of technologies that will permit as to investigate individ- 
ual feelings and attitudes concerning continaoas and nighttime activi- 
ties: We attend f irsf to a review of experimental studies which 
themselves are either laboratory experiments or field experiments. The 
central purpose of these experiments is to see whether we can demon- 
strate differences in performance that correspond to changes that 
accompany motivational or emotional alterations induced by darkness or 
time-of-dayi For example, we have found that when people make judgments 
about the **loadness" of variations in the intensity of acoustic stimuli^ 
those scales remain invariant when the observers are subjected to varia- 
tions in induced stress. But let the judgments be changed to "annoy- 
ance" instead of loudness, and the slopes increase when stress is 
induced. We have redone this experiment after changing the ambient, 
illumination in the environment in which the judgments are taking place, 
tinder these conditions we find that although loudness judgments do riot 
change, judgments of annoyance grow more rapidly. 

These judgments in the dark do not yet answer questions about the 
effects of night. Before we turn our attention to field experiments 
conducted to assess whether performance at night is poorer than perfor- 
mance daring the day, we must introduce an observation that comes from 
the other line of our research--the development of iristrumerits for the 
conduct of survey-type studies. In that work^ when we assess the effects 
of time-of-day differences on a variety of judgmerits, we ribte a con- 
sistent difference between j[udginerits cbncerriirig everits arid activities 
that occur in what we_ call "everiirig" arid e\^rits in the "nighttime." 
"Evening" refers to that period of darkness betweeri approximately 8 pm 
and midnight local time. "Nighttime" refererices the hours between lam 
and 5 am. 

The develbpmerit of these social survey time-histograms suggested 
the importance of the everiirig-riight time distinctidri. Consequently^ out- 
field experiments attempted to record observable behavioral dif ferences 
in skilled perfbrmarice cbriduizted durirtg the evening and at nighttime. 
The general hypothesis is that whenever skilled per formance requires 
cbgnitive furictibriirig that is sensitive to affective o^^"^otionaJ 
interf ererice , we may expect the performances to show deficits. in many 
tasks ^ the humari operator is functioning at levels of performance far 
below thbse called upon during all-out cognitive and perceptual-motor 
Ibadirig. Therefbre, if we are going to observe these effects,, it 
may be necessary to select a task that places a high workload on both 
cognitive arid perceptual-motor processes^ We make use of a flight task 
that requires an aircraft pilot to make a solo approach and landing to 
ari uricbritrblled (no radio transmissions) airport under conditions of 
darkriess . These preliminary studies were conducted either in the 
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evening; ..chat is after 9:30 or at night between. .2 : 30 and 4 am. Notice 
that a pilot flying ah airplane "oh ihs crumehts " is bperatirig in an 
onvironment: that is insensitive to the time-of-day . _ We^ therefore, chose 
to conduct a "visual" approach that required the_ pilot to scan actively 
outsidG the cockpit and to Control the aircraft by visual reference 
alone. In order to establish opportunity for any effective cbiripbrierits 
of night or darkness to develop, the approach path required apprbxi- 
matoly six minutes of flight over the ocean with rib artifacts visible. 

The quantitative data consist of photo-theodolite measureinerit bf thirty 
obsurvations per approach. Deviations from the approach path are represented 
by the bi-variate scatter of the data points. Our initial studies tend 
to confirm (both objectively and by subjective repbrts) the hypbtheses 
that nighttime is more affect-laden than evening and that perf brmaricis 
Is p(^orer. We are planning further laboratory expierimerits to cbrif irin 
these findings, and to examine _phys iological arid psychblbgical variables 
that mny serve as indicators cf system differerices arid variations. 

We return now to an overview of the methods we are developing 
to identify people who may differ iri their effectiveness during the 
quotidian cycle. Such variations among iridividuals may provide a 
basis for selecting personnel f or per fbrmarice iri tasks and missions 
that require cpntiriuous or riighttiirie activities. On the other hand; 
if such individual differerices are ribt detectable , we may find from 
laboratory or field studies possible training techniques; task dis- 
plays, or even pharmacological aids that may be useful to iniproye 
performance, or attitudirial or mbtivatibnal tolerance for continouous 
and riight operations. 

The ceritral ribtibn behind this new scaling technology that ve 
have develbped is that human desire and aversion and the concommitant 
affective states th^t they represent at e , in principal ; embeddable 
iri a orie-dimerisibrial cbntinuum that we (as. well as others) call a 
"utility scale". The cultural representation of such a utility scale 
takes its most obvious form in "money". As a consequence, we construe 
the mbnetary metric as the physical representation of the psychological 
dimensibh bf "desire" and "aversion": interest in 

aversive aspects of various psychic states; the aversion or . disutility 
scale is the one we have developed i^ost fully. It is essentially a 
scale that estimates the distribution of incremental disutility of a 
partiizular event frbm the same person without having him simply 
repeat his answers in order to appear consistent and coherent. The. 
technique has him compare the object of our interest (say, _"the desir- 
ability of working on the night shift") with a multitude of variously 
aversive life-familiar events. If now, we know the disutility scale 
values of these life-familiar events, then we can estimate the dis- 
utility distribution of the particular situation we are.tryirig to 
measure by comparing that event with the multitude of life-familiar 
events. 
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The central technical problem; therefore; was to scale the life- 
fattiiliar events that measure the disutility. To 5o this^ we first showed 
that we can generate a utility function for life- familiar events that 
conform to disutility associated with monetary losses of varying magni- 
tudes. These differential monetary losses are shown first to have 
utility values that are a power function of money and, consequently, will 
regularly or consistently translate disutility to losses in'' dollars. 
When other life-familiar events are simultaneously scaled with the 
monetary losses, we may assume that their disutilities (the life- 
familiar events) are as reliable as the disutility of the monetary 
tosses. If the dollar losses show ah intrinsic regularity, then we 
assume that the disutility of the life-familiar events have equivalent 
validity. We are now in a position to construct survey questionnaires 
for wnich the utility scales of various activities can be measured. We 
anticipnte highly reliable data that will enable us to distinguish 
between "larks--' and "owls", if such differences exist. 

These techniques — laboratory, field, and survey--have demonstrable 
efficacy in having identified and isolated a technology to examine and 
explore the question of continous performance during darkness arid 
nighttime. We believe that the methbdblcgy is in place for the study of 
these phenomenon. We are not yet clear about the form that a practical 
solution to these problems will take, but we are corifiderit that bur data 
have clarified at least the general nature of these pheriqmeria, arid 
therefore, we can find research tools that will help us firid a sblutidri 
to the practical issues. 
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rtEMORY PROCESSES IN THK_ RECALL _ANp USE OF SPATIAL CARTOGRAPHIC 

INFORMATION 

Stephen M. Kerst 
_ 'l^^nies H. Howard, Jr. 
The Catholic University of America 

The experiments reported here were carried out in the spirit 
of Moyer's ^'internal psychbphysics" to explore the way in which 
perceptual information on cbritiriubus diraensidns Such as geographical 
area arid distarice is preserved in memory. Psychophysicists have long 
been concerned with the relationship of actual stimulus magnitude 
to the subjective magnitude of the sensation perceived by the observer. 
We were concerned here with the question of whether there is a similar 
systematic relationship between stimulus magnitude and the sensation 
fna^^nitude represented in memory. in addition, we were interested in 
tho relationship between perceptual and memorial judgments as an 
indicator of the kind of retrieval process involved- . When one is asked 
to estimate size or distance from memory,, does ha retrieve a stored 
value directly or are additional processes involved in recall which 
may induce additional distortion in memory? 

Experiment 1 

Four independent groups of college students participated. Group 
one made perceptual magnitude judgments of the geographical areas of 
states from a map of the Continental U.S., while group two made siich 
judgments from memory after studying a map for seven minutes. Subjects 
' in group three made perceptual magnitude estimates of distances from 
the center of one state to that of another between the respective 
centers of the members of 22 pairs of states from a map, while group 
four estimated these distances from memory after studying the map. 

Perceptual magnitude estimates are typically prbportiori^i to 
actual; physical magnitudes raised to a power, i.e., \p = k<t^ 
where k depends on the_ size of the unit of _ measurement . The expbrierit ri 
is characteristic of the particular dimension (e . g. , length , area , 
weight) which is judged. The per ceptual exponents bbtairied in the 
present study based on group data were .79 for gebgrapihical area 
and 1.04 for_ geographical distarice. Fbr grbup data, Ibg actual- 
area_was highly correlated with Ibg est imated area = .99), and a 

similar relationship held fbr distarice. _C£ = .98). The exponents 

obtained are almbst ideritical tb thbse reported by other investigators 
usirig irregular pblygbris arid lines in conventional magnitude estimation 

experimerits with singly presented stimuli. The obtained memory 

expbrierits based on group data. were .60 for area and 1.09 for distance. 
Lbg estimated area correlated .97 with log actual area, and this value 
was .96 fbr distance. 



"riie surpr Is Lnf;i.y good fit of the power fanction to the memory data 
suggests that; like perception; memory for continuoas magnitades snch as 
^>eo^raphical distance and area is far from erode; but instead preserve 
some* of the quantitative information present in the seaie of physical 
stimuli: As is true for perceptual estimates, judgments of magnitude 
based on memory were found to be proportional to the actual stimulus 
magnitude raised to a power: 

: A "re-perceptual" hypothesis is proposed where magnitude judgments 
from memory are linked to the actual area or distance by two transfor- 
mations First, a perceptual power transformation takes one from the 
actual stimulus to the sensation and its memory representation. This is 
the transformation which yields the typical power function between 
actual stimulus magnitude atid perceptual magnitude estimates. At 
recall, a similar re-perceptual power transformation operates when the 
memo rv representation is , re-perceived and i udged. Actual s timulus 
magnitude is raised to the same power twice, so that the exponent of the 
memory function is the square of the perceptual magnitude. 

This schema _ predicts that the memory exponents for area and dis- 
tance will be i 52 and 1.00, respectively; these values are very close to 
those actually obtained. As predicted,, perceptual and memory expcnerits 
vzere identical for distance, where perceptual judgments are directly 
prbportiohal to actual stimulus magnitude, i.e., the exponent is brie 
Perceptual arid memory expbrierits differed fb^^area as predicted, where a,, 
second . 79 power traris format ibri iri memory was expected tb cbmpburid the . 
original . 79 perceptual pbwer trarisf brmatibri. As iri percept ibri, membry^^ 
appears tb distort judgments bf relative ' geographic area but alters 
distaricis iudgmerits very little. We have replicated these results using 
irregular polygons and lines as stimuli in a convent ibnal m/.ignltude 
estimation paradigm. Our most recent data Indicate that when uncer- 
tainty and forgetting are prevalent, as in estimates ma-de after briefly 
studying an unfamiliar map; substantial distortion (i.e.*^ an exponent 
less than 1.0) is found for distance estimates. 

Experiment 2 



in our initial memory psychophysics work we focused on' memory for 
simple visual attributes such as distance and area. We have recently 
extended this approach to investigate memory for spatial location on 
campus-sized maps as well. In one experiment, independent groups of 
sublects made estimates of the distance* between locations on a familiar 
college campus or between identically arranged unfamiliar locations. 
For the familiar locations, estimates were made from either pre-experi- 
mental spatial knowledge (LTM condition), after studying a map (SlTl 
condition), or while viewing ^the map (Perceptual condition). Distances 
between unfamiliar locations w^re estimated either while viewing a map_ 
(Perceptual condition) or from memory after studying it (STM condition).. 
Nbnmetric multidimensional scaling was used to recover location infor- 
matibri from the subj ective distance estimates. In all cases ^ North^South 
and East^Wes t dimensions emerged in the seal ing solutions arid the 
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spatial configuration of points approximated the actual map. Subjects 
tended to ''square up" the familiar rectangular map in the LTM_ cbridi tibh ^ 
but riot the St>i condition. For the f amiil iar maps ^ direct scaling of 
distance estimates showed that perceptual arid membry-based_ es timates 
V7ere cbmpres'sed to a similar extent, relative, to the actijal distances. 
For the unfamiliar map^ however, memory estimates V7e re compressed or 
distorted more than perceptual estimates. A brief study period was thiis 
sufficient to activate arid _ correct a relatively accurate cognitive map 
in long-term memory for a familiar area , but was not adequate to learn 
an unfamiliar map. Hierarchical clustering analyses shdv7ed that in the 
memory conditions, groups of map sites tended to form separate clusters. 
This was strongest in the LTM condition suggesting a tendency for 
spatial knowledge to assuir.e a hierarchical structure in long-term 
memory. 

The results of this experiment were consistent with bur earlier 
findings in suggesting that interesting systenatic differences do exist 
between remembered arid perceived maps. Furthermore, they suggest that 
mul t id imeris iorial scalirig techniques , combined with other methods, are 
useful for irivestigatirig spatial cartographic kribwledge. However, the 
specific firidirigs of this study have raised a riumber of additional 
issues. For example, does the distance estimation task provide the 
best assessment of a sub-ject's remembered spatial knowledge? We 
addressed this question in another experiment in which subjects 
recalled a memorized map both by estimating interpoint distances 
and by sketching a complete map. An analysis of the psychophysical 
interpoint distance functions from these conditions revealed sub- 
stantial scale compression for the distance estimation task, but 
remarkably- accurate maps for the sketching task. This raises the 
possibility that certain spatial Gestait properties of the complete 
map enable subjects to improve their accuracy when sketching rather 
than focusing on specific distances as in distance estimation. 

Another question that we have addressed concerns the mental 
processes that subjects use to perform the distance estimation task. 
Tn other words, when:;,a subject estimates a particular distance to be 
two, three, or twelve times a standard, how specifically was this 
number detertnined? We have recorded response latencit^s in a variety 
of magnitude Estimation tasks to investigate this question. Our 
findings suggest that subjects employ ^bme _ i terative comparison 
process in which the smaller stimulus is adjusted to match the larger. 

Finally, the ultimate goal of this project is to understand 
theoretically how visual and spatial information is s tbred , accessed , 
and manipulated in memory. Our firidirigs iridicate that psychophysical 
methods cari be applied fruitfully to cbmpare memorial arid perceptual 
prpcesses. It is bbvibus that a riumber of uriariswered quest ibris 
rema in , but it appears that the ariswers cari be best achieved by an 
approach which searches for bbth similarities and systematic differences 
between inembry and perceptibri. i 
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TRAINLNC; l-XPERT DEC: TS ION MAKERS TO IGNORE NONDTAnNOSTIC INFORMATION 

James Shariteau 
Kansas State University 

Past stndres of expert decision makers have consistently reported 
theit training and experience have surprisingly little impact on the 
- quality of the judgments made. For example Hpldberg (1959) found no 
difference between experienced clinical psychologists, studeri t interns , 
and "of f-the-street'' subjects in their ability to evaluate Betlder- 
c;cstalt protocols. Similarly, Trumbb, Adams , Milrier, and Schipper 
(1962) reported that experienced licensed grain inspectors were no more 
accurate than less experienced inspectors in grading wheat, but they 
were more confident in their judgments. Based on a review of over 2G 
such investigations, pToldbeirg (1965) concluded that "the amount of 
professional training and _ experience of the judge (is) not related to 
his judgmental accuracy" (p- 233). 

The purposes of the present research pf object are (1) to demonstrate 
that, contrary to these earlier conclusions, •:raining and experience can 
influence expert judgment, (2) to provide evidence that nondiagnostic 
(irrel(?varit) irif brraatibn frequently influences the judgments of experts, 
and (3) to develop specific training techniques to help expert judges 
cope with irrelevant Information. An additional goal of the research is 
to show that Information Integration Theory or ITT (Anderson, 1974) 
provides a useful technique for directing and evaluating the effects of 
training. 

The major part of the research thus far has involved taxonomic 
decisions made by expert agricuitiirai judges. Specifically, two sources 
of evidence are relevant. The first comes from research by Phelps 
ri977; also see Shanteau & Phelps, 1977 and Phelps & Shanteau , _ 1978) on 
the development of livestock judging skills. Based on the number of 
years of formal training, 61 ju^dges were divided into six skill levels. 
All judges were then asked to make a variety of judgments about each of 
27 sketches of gilts (female swine). The patterns of judgments were 
arisl-rzed using IIT procedures which revealed a number of developmental 
trends- One such trend is for less experienced judges to be more 
linear, while experienced judges are more interactive. Another trend is 
for tho relrabiiity (replicabil ity) of the judgments to increase with 
experience. 

The second source of evidence comes from research on professional 
soil scientists. Preliminary analyses revealed that soil classification 
decisions were frequently inaccurate in part because the presence of 
irrelevant materials in soil (Shanteau & Gaeth, 1980; also see Gaeth & 
.Shanreau, 1979). A more detailed study was then run by Gaeth (1980) to 
compare various techriic5ues for reducing the effects of nondiagnostic 
factors. Twelve experienced soil Judges were asked to categorize 16 
soil samples, s-^me of which contained irrelevant components such as 
excessive moisture. Passive (cognitive) training sessions, involving 
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verbal clas'^rooni-iike ihstructioris, had a relatively small iriflutarice 
on the impact of ribridiagribs tic materials. However^ active (percep- 
tual ) training, emphasizing hands-bh experience arid self-discovery , 
t'ons i ck'rably reduced the impact of irrelevant materials. 

'iwo other findings emerged that were bf considerable iriterest. 
First, a novel performance measure based on the weight giveri to ribri- 
diagnbstic information was fbund tb be an effective part of training. 
Such weight measures, can be readily derived from IIT arid this illustrates 
how ITT may bo useful in specifyirig the directibri of training (Shanteau, 
1979), Second i an unexpected result was that accuracy, although 
non~diagnost icity impact decreased . This suggests that training to 
reduce the influerice of irrelevant factors might be quite Useful in 
situations where there is rid criteribri or "best" Tudgment available; 

Research is preseritly uriderway on three additional experimental 
goals. The first is to evaluate the long-term influence of non-diag- 
ribsticity training arid tb determine the extent to which this training 
trarisfers to bther ribn-diagnbsticity prbblems. The second is to 
use these results tb refirie and develop more efficient and widely 
useful training prbcedures. The final goal is to inves tigate the 
generality iri bther decision making contexts of both the non-diagnos- 
ticity effects and the procedures designed to reduce those effects. 

Five major conclusions can be drawn from these results. First, . 
in cbntrast to previous findings ,. experience and training do appear, 
tb have an impact on skilled agricultural decision makers. Second, 
it is possible to train agricultural experts to avoid the damaging 
effects of irrelevant factors when making decisions. third, active 
passive (instructional) cognitive training for skilled agricultural 
experts; Fourth, Information integration Theory provides a helpful 
framework for both directing and describing the effects of training 
in decision making. Fifth, by training experts to ignore non-diagnostic 
factors, it may prove possible to increase the accuracy of judgments 
even in settings where there is no criterion of accuracy available. 
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Learn tnj;. Me mory, a n d Transfer 



Joel Scheridel 



The problems inherent in developing the many diverse and complex 
skills of approximately three-quarters of a million Army personnel are 
substantial, and they are magnified by a_ resource-constrained 
environment. Nonetheless, attempts are being ^;na<^e_t3 overcome them, 
Cbmmarid emphasis is being placed on the identification of efficient 
procedures to train, evslaate, and maintain Army iob skills. An 
important part of ARI ' research mission is to establish a data base to 
support this process. 

The papers presented in this section of this report describe some oF 
the basic research funded by ARI. These _ research projects were designed, 

generally to promote a better uriderstahdirig of the variables affecting 

learnings memory, and trcarisfer. The research covers a ^^^^^^y 
areas. Tt includes work on conditioning (Dr. Wickens) and cognitive control 
processes (Dr. We.inst«in) . It develops alternative strategies for improved 
performance' (e.g. , Dr. Marx), for the evaluation of that performance (Dr^Mewtson) 
Furthermore, it advuhces both riomothetic (e. g. , Dr^ Marx; Dr. Wxckens) and 
ideographic (e.g.. Dr. Notterman; Dr. Weinstein) approaches toward the study 
of learned behavior. Yet, while varied in content, the research was designed 
with one goal "in mind — to help the Army meet its training needs. 
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ANALYSIS OF REWARD FUNCTIONS IN LEARNING 



M. H. Marx_ 
University of Missouri — Columbia 

A series of experiments in the Missouri laboratory has attempted to 
test the proposition that responses can be strengthened by reward in a 
manner that is independent of its informational function. The experiments 
have mainly involved comparing perf drinance (responding, with fcriov/ledge of 
results) and observation (watching apaired performer respond^ and receiving 
the same knowledge of results) in multiple-chbice learning tasks. The first 
experiment utilizing serial tasks^ shov/ed observer superiority (e . g. , Hillr.x 
and Marx, 1960; cf. also Rbsenbaum and Arerisdri, 1968) . Later experiments, 
with discrete (nbriserial) items, revealed no overall differences between 
performance and observation in acquisition. However, female subjects often 
did better as observers, and performers — mainly male performers — tended more 
often to repeat both correct and incorrect responses (Marx and Witter, 1972, 
Marx, Witter, and Farbry, 1973). 

Three recent experiments were designed to test the hypothesis that 
performers learn more rapidly, relative to observers, V7hen the task is 
more "mechanical" (rote). This prediction was based on the assumption 
that a rote task offers less bppbrtuhity fbr the effective Use of 
cbghitive strategies by bbservers,«arid greater opportunity, therefore, 
for the expressibri of any direct strengthening by reward. 

The first experiment (Marx, Homer, and Marx, 198G) gave only marginal 
support to this hypothesis; the predicted interaction occurred but with a 
_p .08; The second experiment, with a more systematic manipulation of the 
task variable, yielded a highly reliable _(p < .01) interaction^ as predicted. 
The third experiment did not show a reliable interaction.. Hbwever^ reliably 
more performed than observed items were acquired *ih all three experiments. It 
was_ concluded that these results leave open the question bf sbme kind of more 
br less direct strengthening bf responses , in a relative if not an absolute 
sense, by reward (cf . Marx, in press ) . 

A second line of research^ directly addressed the role of the habit- 
strength concept. In order to assess the role of prior associative strength 
in human learning and memory, 126 high school students were first asked to 
give up to four verbal responses to eact: of 40 word cues. The responses were 
to be associates, so . that the two terms would form a common expression (e.g., 
class room, mate, ring, rank). One month later the participants were given 
32 words from the list as cue^ in a multiple-chbice learning task, with response 
alternatives drawn frbm the jDribr respbnses, arid two mbriths later given 
reteritibri tests. The results, in gerieral, showed reliably stronger~--iearntng 
and reterition bf errors that had been prior response associates, compared with 
non-associates. It was concluded that some place needs to be made, in cognitive 
theori(5s of human learning and memory strategies customarily stressed. The 
results are especially supportive of the flexible type of response-strength 
concept as a comp'lement to the learning and memory strategies customarily 
stressed. The results are especially supportive of the flexible type of 
response-strength concept (habit-activation) that has been proposed for both 
animal (Marx, 1966) and human learning (Marx,- in press). 
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The ieannng results also corifirmed an earlier demohstrat ibri of 
tncrementai response build-up over repeated occurrences of particular 
errors; the more often a particular error had occurred the more. likely 
it was to recur on the next trial. Selection of the. siibiects with the ' 
highest frequencies of error pdrsistehce indicated that the iriaibrity of 
subjects did not show the e f fee t arid suj^ges ted the dependence of this 
phenomenon on the minority of subjects who were h igh- f reguericy error 
repeaterj?; male subjects were fourid to be reliably more likely than 
female subjects to be members of this miriority. 

This increased SuvSceptibility of male sub j ec ts to persistent error 
repetitions was related to other results (Marx, 1979) which showed the 
relatively greater vulnerability of high school males to the inhibitory 
effects on transfer arid retention of an added work requirement during 
1 oarri irig-- the scoring of per formers ^ responses as correct or incoi^rect 
by observers.. This simple scoring operation during observation was also 
found to result__iri iriferior retention of conceptual learning materials 
in both sexes (Marx, Homer, arid Marx, 1980). 

Suggestions were made for interpretation of, ^and further research 
on, the error-persis terice problem which was regarded as a potentially 
important » if gerierally unrecbgriized brie, fbr training programs. 
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THE PEF^CEPTUAt ORGANTZATION OF BEHAVIOR 



Darren Newtsbri . 
UriiversiCy oT Virginia 

Three coriclusibris as to Che nature of Che process J^ehavior 
perception were pr.esenCed, based upon over -40 studies of chis process. 
The first conclusion discussed was that there exists higher-order unito 
of perceptual information in the b^^havior stream that, are not reducible 
to lower-level movement information. It was argued that task 
performance must necessarily consist of such higher-order action u-.iits , 
Consequently, observer skill training as well as task analysis should 
benoflt from attention to this level of meaningful organizatior. in 
behavior. • 

The second conclusion discussed was that behavior percepr ijn \s at. 
active process, and hence is variable in that it may be more acti"^' or 
less active. Evidence was cited showing that observers have a rr\r\.\t of 
analysis levels available to them from fine units to large Units. 
Perceived action, units are typically found to vary between 1/2 ar'-i l^ 
seconds in length. Observers may vary level of analysis by instruction 
in response to situational factors like surprise, and as a rcsuic of 
film speed manipulations. The consequences of variation in_ level of 
analysis is increased information gr.in about the lower^level cdmponerics 
of the task behavior. It was noted that this does not imply that 
fine-unit analysis is_ always best, as some evidence indicates that 
fine-unit analysis enhances primacy effects in judgments of series of 
performances. It was argued that inter-observer variability is a potent 
source of unreliability in observers' ratings, and that this 
unrel iMbii i L / can be countered by careful preparation and standardisation 
of the observer. 

The third conclusion from the research was that behavior perception 
is a hij?,hlv selective process. First, the Process is selective in the 
sense that it is less than exhaustive^ Evidence was presented showing . _ 
that subjects could delrte up to 48% of some sequences and st ill. comprehend 
the sequence as well as subjects viewing the entire sequence. The process 
also is selective in the sense that perceivers process available infortnation 
according to some .cognitive framework, or anticipator schema^ ?° ^^^^ 
observers ^ith^^ . 

Evidence was cited" showing that such biases do reflect perceptual selectivity". 
In addition, observer skills have been found to be dependent upon such_schemata , 
and to consist of both conceptual knowledge and perceptual learning. It was 
concluded that observer skill may be identif iec\by assessing the segmentation of 
task performance, aiid that observer skill training must include perceptual 
as v/ell as conceptual learning. 

Finally, a pilot study was presented suggesting that observation skills 
may be important in learning from example. It was suggested that such learning 
may be accelerated by using techniques discovered by the present research to 
assist trainees '^n efficiently seeing an example. 
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INDIVIDUAL DIFi'ER^NCES IN VISUAt-MOTOR ORGANIZATION 

Joseph; M. Notternian 
Princeton University 



The research prograTn is concerned with an analysis of sensory arid perceptual 
visual-motor organiz.ation f VMO) . Sensory V^iO deperids mainly Upon the speed and 
accuracy with which exteroceptive and kinesthetic iilfcrtnation can be con.^ointly 
processed during the deVelbpnierit of skill. The same is true for perceptual. VMO , 
but in addition, the acquisition of skill is abetted by the greater possibility 
of being able to synthesize information more _readily , and to plan. "Synthesizing" 
implies the combining of different sources of information in a way srjj;.^ that the 
result transcends th^ entering components, even though it depends upon them, _ 
"Planning" imj Mes the taking advantage of whatever coherence^ or predictability 
may exist in } situation. For the present^ the analysis is limited to bri-going 
continuous behavior, such as is represented by the eye-hattd, pursuit tracking 
paradigm of VMO, The long standing utility of pursuit tracking as a paradigm of 
V>tO has' yet to be surpassed, especiaiiy with respect to continuous behavior. 



The static and dynamic, visual and motor irifbrmatibrial components co^si*^^"^^^ 
to be minimally necessary to affect VMO, were identified by way of two conventional 
equations drawn from Cbntrbl Theory. For visaai input (i . e ., the target ' s momentary 
location), the equation is: 



Pos ition 



V& lbcity 
ds/dt 



Acceierat ion - 



d s/dt 



For motor output (i.e., momentary force 'prbductibn) , the eqaation: 
Limb Di&^Oa cement Limb Veiocity Limb Acceleration 

• F = K q dO/dt + D d Q/dt 



CYhe mbtbr bUtpUt situation was deliberately chosen to represent a quite 
simple force-movement transfer function, one describing a control stick loaded 
onlv with elasticity (K) through a tbrsidri rbd.) 



Nine "tasks" were selected from these two equations.: _ . . 

Visual Discriminations — 1) Jud'gments of . dif f erences in Target Pbsitibris (s) ^ 
specified as horizontal space between successively presented pairs of points 
of light displayed oh a Tektronix CRT 604]^ "% correct" was used, as an Index 
.of ask pfof icieincy; 1) Differences in Target Velocities (ds/dt) ; arid 

3) Difierenc^ in Target. Accelerations (d s/dt). Quasi-random cbmbinations 

of spaces and times were used to determine Target VelbcitieJs and Accelerations. 
Temporal Discriminat-i^ —Judgmerits (pf • dif f erences in target durations _ (t) of 
successively presented pairs^bf points traveling the same horizontal _ distance , 
but at various speeds. Motor Actions (no concurrent visual feedback)--l) Limb 
Displacement consisting of angular displacement of an elasticaiiy-toaded control 
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scic.k Hbout its axis,, with both coefficient of elasticity and angle o;f 
rotation being limited to a single vaiae of each (F = KOO) ; 2) fcimb 
Velocity (dl7dt =^ k dQ/dt) : and 3) Limb. Acceleration, (d F/dt = K d Q/dt) ; 
^LL^JA^y-'^.^^P.-t^P"'^ Organi^at ibn- -l) Pursuit tracking of a target possessing 
prc-clictable mbtigri (horizontal represehtatibh of :a sine wave) ; and 
2) Pursuit tracking of a target possessing unpredictable motion (horizontal 
representation of band-limited frequencies) . 

A series of expertments still in progress permit the following dummary 
arid c.oriclusions: 

1. Individual differc^ncep ai jr..^ the subjects w,ere demonstrated for each 
of t he 9 tasks through a Test-Retes.; :;rocedure\_ using Pearson ' s _ "r" . All 
Test-ketest correlations were «^ i : a vf icarit (p .01, 2-tailed, N=30) . 

2. _ Subjects who excel at one oi these tasks are not necessarily those 
who excel at others. Particularly noteworthy is the lack of any sign of 
correspondence between proficiency of deteccin^. differences in Target 
Velocities and in Target Accelerations. Apparently, the higher demand for 
space- time synthesis required in the latter sep^^iates the two talents. More 
Importantly, the tapping of this cognitive or perc3. bperatibri would 
seem to be devoid of educational bias. 

3. Complex motc^r programs develop for motor actions executed in the 
abserice of concurrent visual feedback, provided that visual' cursor-target 
error is presented at tht^ end of the action. _ The programs are complex in 
two ways: First, they are time-variant , or dyriamic. Second^ they exhibit 
internal corrections at points of i.iflecticri during the course of the movement 
even though no g^oncurrent, external error signal is availablis. 

4. Subjects differ significantly among themselves in their ability to 
acquire plans (i.e., t.o perform motor programs). 

5. Although training in Pursuit Tracking significantly improves ' 
performance, and is therefore vital to efficient VMO, subjects array 
themselves reliably the same way at the end of training as they did 

at the beginning. This phenomenon is especially strong for pursuit tracking 
of a tar.fN- in predictable, motion, where — after id sessions of training — 
the cbri-Jiatioh between initial and final performance is suff i.:iently high 
to be ncceptable at p .01, 2-tailed, N = 9. More subjects "are being run. 

6. ThronE^hoat the series of experiments, the influence of perceptual 
syntrhesis and . ^^anization is in evidence. 'The research shows how training 
rand performance depend upon entering components of space, time, and action; 
but it shows just as clearly that cognitive and perceptual operations 
iranscend the f uridamerital compbnents , and _ that individuals differ significantly 
^".^b^^*" *^^P^^^^V_ to utilize these operations. Further, ij is reasonable ^ to 
hypotheriize that the cognitive and perceptual 'jperatibris involved are free 

of any educational background. - 
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7. Cbilectiveiy the findings would appear to have direct implications 
for personnel selection^ training^ and performance. 
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COCNiTtVE LEARMrNn STRATKHIKS . AND STUDY SKILLS TO IMPROVE RETENTION -■ 

Ciaire E. WeinsCein 
UnxversiCy of Texas 

Providing high-quiil icy instruction ±s a necessary process/obi ectiye for 
meeting the Roais of the mtiicary services. Given the high cost of- teaching 
technical job skills to members of the Army, it is impdrtaht to consider 
alternatives that increase the effectiveness, or reduce the cost, of current 
training practices. One aitei'iiative that cduld improve the ability. of service 
persoiinc'I to learn from instrdctxon and on-the-job experience is to teach them 
a broad range of learning and study skills. There are at least two ways to 
proceed toward this objective given current training heeds and the existence 
of extensive training materials arid systems. The first approach w<iuld involve 
developing independent training programs to teach learning strategies and _ 
Htadv skills. The programs could be administered individually, or in combiriatibri , 

pri.. :o tK.sic or jpb-related training. The second appirbach would involve 

prompts that could induct the trairiees to use appropriate learning strategies 
arid study skills to learn job-related tasks^ This latter approach avoids asking 
crainees Co learn seemingly irrelevant techniques in preliminary instructional 

sessions where _no immediate utility , for the , skills _ is appiarerit arid may avoid 

the:problems of transfer to job trairiirig, but it also eritails :costly and extensive 
rovisibris of the instructional materials now in widespread nse. 

There is nc optimal re-solution for this dilemma, but the first approach, 
developing independent trairiirig programs, seems the most reasonable alternative 
given current fesburces and the state-of-the-art knowledge, in this field. Interest 
in the nature of learning strategies and optimal training, methods ' in. their, use • 
is increasing among both researchers and. practitioners. To -revise the technical 
t raininK_materials used by . the Army at this poirit .iri time would b^ pretnaCurp. 
Tlie flevelbprnerit bf irideperiderit training i^iethods and materials to teach learning 
strategieis would provide a means for taking advantage of current knowledge _ in 
this field as well as providing a means for cost-e£ fective up-datirig of this 
instruction as new data becomes available. 

Part of the purpose of the Cognitive Learning Strategies Project, located 
at the University of Texas, is to identify and study a number of the cogriitive 
competencies needed for e f f ec t lye learriing and reteritiori, part icuJ arly imagirial 
and verbal elaboration, and to irivestigate the means needed, to identify and 
train less successful learners in the use of these competencies or strategies. 
The use of study skills to organize new material to . f aci" \tate the usa of 
acquisition and retention also is being investigated. 
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AlLhdu^h many educators and psychologists agree that saccessful learners 
use a variety of effective elaboration strategies to organize _and execute any 
particular learning act, the types and essential cgmponents of the^e strategies 
have nut been systematically identified or classified. Previous research on Che 
training of cognitive strategies has been based on the experlmentier * s coniecture 
about what constitutes an effective cognitive strategy rather than on iJroad-based 
eVicfence gathered from a large number of successful learners.. As part _of this _ 
project, a series of exploratory studies were conducted with ,4-yei^r and cdrnmuhity 
college students to develon the Learning Activities Quest idnnaire which has been 
used to gather information about the use of learning strategies by people in 
different settings and- at different educational levels. There are seven: different 
soLtinKsaSd at di f f erent educat ional levels., there are seven different learning 
activities that serve as stimulus materials for the questionnaire . These tasks 
had elicited the gre.at.est range of different learning ^f-tb^ds in earlier deveiop- 
mcMital studies: These activities include three paired-associate learning tasks, 
two free recall tasks, and two reading comprehension tasks. Learners are asked 
to study each of the learning, activities and then respond to a series of . oneh- 
onded qd^stidns about the methods they might use td remember the material: * . 

Daln have been gathered on the types of strategies used by graduate students, 
.:oinmunitv_ college, students, and_ three groups of Army recruits possessing either 
c'i high school dipldma, a general educatidn dipldma, or no diploma: The strategies 
wore synthesized into five different categories: 



These were: 

1. Rdie strategies-'Strategies that emphasized repetition ; 

2. Phvsical strategies—any strategy, that involved using the 
physical properties of the macerial to be learned, such as spelling 
patterns; 

3. Imaginal elaboration- — any_ Strategy involving the formation of a 
mental picture in order t.j learn the material; 

4: Verbal elaboration — irtively working with the material by asking 
and answering questions about it, determining implications of the content^ 
relating it to information already known, etc.; 

5: Grouping — rearranging, the material to be learned. into smaller 
subsets according to some j erct:ivc-d character istic that is cp.mmonly shared. 

The patterns found in the data "are fairly cdrisfsterit: 'Soth college student 
groups reported using a va;.:i^ty cf strategies: The graduate students reported a 
greater number of verbal and imaginal elaboration strategies than the community 
college st.iden*"s, but both groups also reported iis in g a number of less effective 
rote? .strategies. The non col lege groups reported *isii»g_ fewer types of strategies 
than anv of the cdllege grdupS, and m-^ny of , the recruits- in .these groups reported 
using no strategies or only rote strategics. We are currently . conducting two 
I'itndies to iny^=»sr igate further . the specif ir properties of imaginal and verbal 
v'"' nbora tors th-^^.t make them effective: learning aids. 



in a preiiminnry study designed to. ihvGf5tigate these _. issues , a number 
of (ilfferorit cognitive strategies, learning tasks, and stimulus materials 
were lised to brnih ninth graders in the use of generalizable elabor 
skills. The cognitive strategies, drawn from the research literature in - 
cognition and instruction, inciaded .various forms of verbal and imaginal 
elaboration. ' 'The -use of elaboration. rGquires_ the learner to create a/ 
symbolic construction that, when combined with the hew td-be~learned inf o--_ ' 
rhatibri, makes this information more meaningful. For example, when learning ^ 
from text, the learning 'C'oaid relate the material to previous knowledge 
directly, by forming a visual image, or by creating an analogy. The learning 
activities included tradi tional laboratory tasks, such as p»aired-associate 
Ic-arnihg, and everyday school tasks — such as rieading cdmprehension: The 
learning materials were selected from appropriate curriculum materials in a 
variety of academic disciplines. 

Seventy- Five ninth grade students were randomly assigned to one of three 
groups: training/experimental, control , or post- test only. The experimental 
group participated in a series of five one- hour elaboration skill training 
sessions, administered at approximately one-week intervals. Students were 
exposed to a set of 19 learning tasks. They were required to create a serie'^ 
of claborators, or rriediatiorial aids, for each of these tasks^ Experimenter- 
provided directions for the early tasks c-mphasx^ed the properties of an effective 
elaborator. The. latter training sessions provided opportunities fpi: additional 
practice in using these skills with little or no experlmehter-prb\7ided ins true t ions . 
The control group vas exposed to the same stimulus materials but their task was 
simplv to learrt the irtf orniation without any type of strategy prompts or directions , 
A post-test only group was not exposed to the stimulus materials but did 
participate in the pos t-t es t sessions . The immediate p»bst-test was administered 
one week after the cbhclusibh of the training, ind the delayed post-test was 
administered approximately one month later. Roth immediate and delayed post-tests 
consisted of reading comprehension, free recall, paired associate, and 
serial recall tasks. . 

The results of the data analyses for the immediate post-test re /eaJ.ed 
significant differences between group means on the free recall and Trial 2 
of the paired-associate learning, tasks. In each ihstarico, the experimental 
group's performance, surp>assed the performance of the control and post-test 
only grbupB, wt Lch did not differ significantly from each other.. On the 
delnyed post- test, a significant difference v-js obtained for the reading 
comprehension task and Trial 1 of the serial learning task. Again, these 
differeiic»_;s favjred the experimental group . Tt seemed that istudents Could 
learn to utilize these elaboration strategies ina variety of task situations 
but further research was required to determinr^ the optimal conditions for 
their learning and use. We are currently conducting several training studies 
to investigate further these issues. 
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In iidditibil Co verbal and imagina.l elaboration; a natnber of other 
c-dtiipotericies necessary for effective learning and retention have been 
identified. These cbrnpe tetic ies include the use of organizational ski lis , 
such as time rilanagettlerit arid efficient study procedures, and seif-manageTnent 
skills, such as anxiety reduction, cdnc.entrat ion and focusing on the task. 
In the past, these various competencies have usually been studied in isolation 
from each other, rather than focusing on their s imilar i t ies and differences 
with an eitlphasis on how their several effects inight interact in a total 
Learrtirig situation. It seems reasonable that a combination of these skills 
itlay prove more effective in enhancing learning than any one in isolation. 
Students could then be taughl^ diagnostics for the application of particular 
skills or combinations of skills. This could be a unique and critical 
contribution to instructional theory and practice. A study is currently 
un(it»rwny with four sections of an undergraduate course in individual learning 
s' k i L 1 s t o inves t igate this issue . 
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INVESTIGATIONS OF CQ^eNITiVE "CONTROL PROCESSES IN CONDITIONTNr. 

. pelos D. Wickeris 
Ohio State University 

• '\\^b types of situational demands may be contrasted with_ each other. Tri 
one class of situation the subiect is allowed time f or thou^H t , makirig a 
dcicision of whether or not to respond and what response to make . Contrast in^ 
with this situation is the one which demands p>rompt action ^-nth little or no 
option on the nature of the response which is permitted j^.i^ .:Miich xs to be 
made. The two classes of responding are each approprxate to cheir own physical 
and social environment. In some situations the ultimate survival ^pf the . 
individual or his social grbUp demand unquestioned responding,, while in others 
the more leisurely and pondering approach makes its contribution to survival. 

Although there are many gradations between the two extremes, the 
conditioned response (CR) is. generally corisidered to be of the latter type. 
Skinner called it a respondent specifically stating that the response is 
elicited by the condi t ioned 3 t imUlus ( i) . The CR involves more than knowing 
that A "will be followed by B at some set temporal interval; it involves also 
making a B~like response prior to the occorrence of that stimulus. Pavlov uses 
the term "reflex" for this kind of learning. 

The psvchologicai interpretation of classical conditioning has two extreme 
.-nterpretations about its nature and execution. The strong cognitive view is 
that the scbject has learned that B is likely to follow A, and then decides 
whether to r.-spond or not to respond: The other extreme, as implied by Skinner 
and Pavlov'F terminology, is that the CR is both automatic and mandatory . Stated 
simplisticr.lly, the second view would hold that acquisition and execution are 
solely a function of environmental manipulation, wherea?^ the first view implies 
the occurrence of sublect-generated strategies" in both acquisition and execution. 
In one instance, both acquisition and execution could be called voluntary and 
in the other involuntary. It seems likely, however, that some intermediate and 
variable position is the more likely state of affairs, and that _ acquisition , 
and possiblv execution are influenced not only by environmental manipulacions 
but also bv^ cogriitively manipulated factors. The current research was designed 
to assay tne role to cognitive factors in the acquisition of a CR. 

The experiments utilize the sensory pre-conditioning paradigm. In this 
situation two neutral stimuli are paired together for a number of . trials then 
one of thes'- stimuli is paired with an effective unconditioned stimulus (UCS) 
CO establish conditioning. Finally,' the other stimulus i§ given to determine 
whether the CR has been acquired : to that also, even though it had not been 
physically a??jOClated with the UCS. There has been an abundance of re..earch 
showing that thi:> will happen. 
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The experiirieht -s . The raCipnale of this . experimental program was to 
man tpalate the cognitive var while keeping the physical, _ condit ioning 

situation constant, nsing the s^^nsory pre-conditibriirig paradigm. The cognitive 
manipulation applied to the pre-conditioning period and consisted of telling the 
subjects to think of the two scimuli--light and tone — as being alike (pro group), 
(ariti group), or that the stimuli were presented only to adapt 
them (neutral group) to the sti:muli. Clearly the question being asked was 
whether these instructions influenced sensdrv pre~cdnditioriirig. 

E xperiment 1 . This experiment consisted of four phaseje and of six grOQps 
-'^^ P^^^se 1 instructions about the expei: iir<ent were given, 

including the cognitively biasing ones, with 60 subjects being given the pro, 
neutral, or anti instructions. Phase 2 was a sensory precdnditibnirig session 

^^^^^ subjects arid a sensory pre-condit:ioning control for the other half. 

The experimental groups, hereafter referred to as paired ^_ received the two stimuli- 
light and tone — paired, with the onset df drie pj^t^ced j ng the other by 500 milli- 
seconds (ms) . In. the control condition, hereafter called Unpaired, these stimuli 
wore gr.ep randomly always being separated by at least 12 seconds. Each third of 
^^^'^.^"P^i^^^.^""^ paired groups had received a_ different set of instructions—pro, 
^"*^^ V °^ _^"_.P^?^^._^ . ?^^^_secbrid bf the paired stimuli became__the CS___for 

a shock. UCS. The response measured was the Galvanic Skin Respbrise (GSR). (The 
unpaired CS during this stage matched the appropriate modality of the paired groups 
and modcility was cbunterbrlanced) . Phase 4 consisted of giving the other stimulus 
alone for 16 trials without shdck — a test fbr sensory pre-conditioning. 

The results for the paired groups showed an instructions effect, with the 
P*^_M^^^P toeing superior to the neutral and the ai.ti group, and the latter was 

^o^'S'^e^ there was no differencf* among, the unpaired 
groups as a function of ins tree t tons, and they all were infer ibr to the pro and 
neutral paired groups, but did net differ fron the anti pE:ired group. Stated in' 
general terms , instruct Lons are effective in sensory preconditioning only if 
thoy nrp associated with a supporting environmental condition. 

Kxperiment 2 . In this experiment, ths topic of pro and anti instructibns 
was once again investijcaced under conditions favorable or \infavorabie to sensory 
P^^^^^D^^'^i^^i"?- . independent variable v^s time relations in the 5;ensory 
pre-conditioning stage. For dne iristructicrial pair of groups the sensory pre- 
cgnditipning test stimulus was the first stimulus of the pre~cdnditibriirig pairing 
forward); fbi another it was .the c-econd stimulus of pre-conditioning (Backwards), 
/L^^ .f9F^9?^ of ^^^se groups the oi-^stt differential was 500 ms, a presuSied optional 
interval for forward conditioning: For the next set bf groups the pairing during 

the sensory stage was one of simultaneous onset of the two srimutli. Each of these 

time intervals contained a pro and an anti group. An unpaired, neutral instructed 
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groilP was usod as a basic control. The logic of the experiment was that sensory 
pre-cprici it ioning should be readily pbtaiped For the forward group, negligible for 
t:Ho s imiiltariedus grdiip, arid abserit for the backward group: The question being 
asked was whether or not pro instructions would eliminate the environiiient differences. 

Kxcept for these dif fereilces , the procedure was the same as in thj^ fii"^^_ 
experiment wl,th the same four stages. Again there were 30 subjects in each group. 
The statistical analyses indicated that the only group which excelled the random 
control group was the pro forward. 

The data of both expeiriments clearly indicate that this particular cognitive 
man Lpula t ion cannot substitute for the apjDrdpir iate training procedure. Stated .in, 
anotht'r way, one cannot make a silk purse out of a sow^s ear. The data of the 
first exDeriment do siiow, however, that, given a favorable _ cognitive Impetus and 
the appropriate learning situation, acquisition can be facilitated. They suggest . 
that the iridst efficient training procedure is one which employs no*t formal 
training alone, but one which has this training preceded by an appropriate 
vicarious experience. 

The research now in progress follows the same general schema as the ones, 
reported above but measures simultareously the autdpiomic response (GSR) arid the 
skeletal (vdluritary) response of firiger v-thdrawl. 
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f i gii in n Re lations. ■ . 

GiendaY. Nogami 

1'iio ;Vrmy has always evidenced a strong concern' for leadership. 
Loading Boldiers and niannging their individual arid group perfbrmarice are 
tlvo najar nsnects of an NCO or ofjicer's job. The papers_preserited in 
this" socfion reflect the range of research si'.pported at ART. 

ThomaB Milburn's presentation deals with crisis mariageitierit . Hie is 
current Iv 'invest igat ing the various dimensions of crises and leader 
responses to determine, what kinds of responses are more effective in- 
what krnds of crises. 

Alan H.^rris reports on three experiments which investigate the 
effects of organizational, structure rand leadership factors in sustained 
group nerformance. Harris is concerned with the. group's social structure 
as wol 1 as their ability to perform ta§ks. 

David Herold presents an interesting proposition in his paper . He 
propo:?es that group performance experiments should consider the tasks 
used. Herold hypothesizes that e f f gc t s at t ributed to groups may; in 
fact, he better attributed to the specific tasks involved. 

Terence HitcUell presents the other side of performance—research 
on poor performance. His research has applied the internal-external 
dimension of attribution theory arid developed a model for diagnosing and 
responding to poor pdrf drniarice . 
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ORCAMTZATIdNAL S-rRUCTURK AND LEADERSHIP FAC^ 0^v>' AS DETERMiNA-NTS OF SMALL 

GROUP PERFORMANCE ■ 



Alari H . Hr^-ris 
.Johns Hopkins University School of Medicine 

VJhere sustained, and accurate performance on a complex duty assignment 
for davs, w'eeks or longer is critical to the successful outcome of a given 
mission, it;- is obviSusly essential tb'knbw how best to arrange indivi*tlual 
and/or group living andwork routines to promote maximum performance effec- 
tlvortess and maintain high morale throughout the mission' s duration. It is 
thus necressary t^ know the most effective organizational structure for such 

operational units. and to understand the interacting leadership factors 

which- in concert determine both perfdrmarice maintenance over extended inter- 
vals and the day-to-day status of the grotjp as a social system . .. ^ . 

For the most_part,' the voluminous research literature on organization- > 
al structure and leadership. which has developed over the past two decades _ 
(for reviews see Shaw, 19.71, Hare, 1976) is characterized by one or the other 
of two investigative restraints which limit the generality of experimental 
findings. On the one hand, studies which have focused upon ongoing opera- 
tional settings (e.g., industrial and/or military groups) in the natural 
ecology have been limited by the lack of control which can pe _ exercised 
for thb purposes o,f manipulating critical experimental var;iables . On the 
other hand, laboratory situations which offer the: oppo^rtunity for required 
experimental ^manipulations have seldom provided for extended residential 
intervals of dbservation^nd objective recording under realistic and:: 
naturalistic incentive conditions for a broad spectrum evaluation of per- • 
f.brmarice effectiveness and morale in ^mall operational groups.- The cdn- 
tinuously programmed residential environment approach represents an attempt 
to circumvent these evident limitations on organizational structure and 
leadership research with small groups. _ 

Croups of male and female volunteers recruited from_ local college 
student communities served as experimental subj ects _ in these studies. All 
subjectsf eceived psychometric test evaluation arid interview assessment 
by a staff psychologist as part of the screening procedure of acceptance 
as particioants in the experiments. Each subject was fully, informed about 
the research setting and prpcedures, which included several daily briefing 
sessions iri the programmed environment preceding the start of an experiment 
to insure familiarization with .the operational features of the laboratory. 
; Fd] lowing these briefings, but,l)efore beginning an experiment, a writ^ten 
informed consent agreement was signed and exchanged t-fw-en the sqbjects 
and experimenters. In addition, a manual- of instructions detailing the 
experimental procedures and. environmental resources was provided each^ 
sub.iect for guidance throughout the' experiment . The subjects in experi- 
ment T we^e tl^ree males ages _34, 23, arid 21 . The subjects in experiment 
TI were three females ages 32^ 24, arid 29. 
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In tho i'lrsL r xprr i im-n L , tlirot' ni.ilo sui)iLU*t:s tivrd for 4H c-onsoc\ut i vt • 
hours ill .i rtMU" i niunis I y p ro j^ranimecl lahorMtbry env i ronnion t . inur ing tiu'i r 
ri-"^"^ i ilt'hi'i' , ilu' suhjiH-'ts ».:biilcl barn money by performing on';iny of four 
'..of-; i.jsks LliriL wrr^' roiu'iirrc'iiM y avaiki])le. The four taskf^ wore: 1) LlT^^ 
Alliiisi Prr forinanoi' IWiLtorv, 2) sbriial atcjui si t: ion task, 3). lever pulling, 
■ inil 'i ) phvsii\il exem'sc'. Vonies tsafenecl bii these . tasks during the oclcl 
hours tif tho day (o.g^, 1 o'clOck,^ 1 o'cIcu:k, 5 o'clock, etc.) accumulated 
i t1 tho hank account of Lfie ind i v i dua 1. respons i iile for' tlie earn ings , . wii i lc» 
nior.ies I'arni'd iliirlng the even hours oF tlie day (e.g., 2, A, 6, etc.} con- 
f rihiili'd to a g,r(Mjp bank acccniht in wliich each participant held a 1/3 
sli.iro. Tbils , nuMVios carried by work per formance were deposited to one or 
t ho (>Lher bank ac^coiirxt' (group or individual) depending upon which hour 
-r rf 'i. 1 tt^!Trv"~t1 It^ l7(Tr1<^ e t" ' Att ^trh e ""eTrd-Trf — tl re— p e~r-i.- meti t~; — s- uh^-^ c tis—r^^- - 

c».'i- 'd all t bo' money in their individual account plus 1/3 of the mcney in 
t oiip accbuh t . " 

In atWitLori to earn ing mbriev , sub jc'cts could Ic^se some of their earn- 
iu'i'.h-. aorording to t he f c^l lowing r u I l' . Two of the work tasks, Lbe Alluisi 
pro>',i'ai;i .aul tbo serial acq u i s L t. i bri proiUem, were presented via a CRT 
s<'r<.'on th/iL v;.;is displayed cbrit inubusl y during the 48 hour periocl of the 
< -xpo r i nii'U t: . • iHiririg the last minute of every hour \^ v^.^r , the display 
was priiiiraiiimec to turii off and the subjects (any o f the- three) were 
ri^'tjuired to report tills event and tliereby fc iris t ate the display. Failure 
t<i detect: and correct tile dark seri^eri cdriditibri (withiri brie miriute) would 
i'osuH in halving (507 redlictidn) of the accumulated sum bf money iri one 
or Lite oLlUM' bank accounts. Failure for each brie miriute tluat a dark CKT 
sor.-en wiMit unreported at the end of even hours bf tlie day resulted iri a 
"^0" rethu tioil of the total amount in the gfbup bank accbiirit, while fail- 
ures L<> repin^t a dark CRT screen at the end of bdd hours oT the day re- 
sell ted in a 507 reduction (per minute tinreported) in tlie individual' 
acciHints. . - , 

Thus subjects W' ^- ■ required to maintain this 48 hour iiionitoring of 
t iu- fli\'}-' jiispiav in ( ; r to protect their earnings from aiiy loss: Tlirough- 
(^ut t he .c:vJ"ier rmen t snbji»cts could audit the tota's in all bank accounts: 

The pr iiic rpa 1 "expcr i men tal questions asked in this cx[:)eriment were: 
1) How v/ould the group share the responsibility for maintaining vigiljince 
.ii tjie^CKT display and thereby avoid any monetary loss? 2) How would 
individuals apportion tliei r work effort witli respect to indivicUinl versus 
ro uf) ea rn i ngs ? 

J^vperiment \ \ was identical to FxpL?riment 1 with the single except rem 
Lliat tV.e sni:>jects in Experiment IT werc^ tliree females: 
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in l-xtuT iiiKMi! J,, lliu iJu-L-r s uH j t't- Is roo jk^ r;i L tnl ? i> ilia i n 
r,Mi(innous wa I r li. o f L CRT scri't^n aiul t'brrcc-tlv tlr L 1 lmI all « ' t;^';r"'^M>" 

f i.-n«; i hi' (ask display, .LlM-Tohv j:i rt^vcai 1 1 ny; any moiioLnrv Ins:; i rov\ cit'-r 

■( iit^ -:ia>iu> ill* ind iviilual hank ai-coliiUs. 'Hi i s i'(U)pL-ra t i vo of !"ort i nvol v. 
a roiatiiu'; srlualiili' ot "on (liiLy*' res pbris i lu I i t y wiLli each pariicipant 
st-rviiU' a hour i>n , Hoiir (iff cycle. 

Ih rcspi'ci to uaniinK^^ Howt-vcr, all tliVcc male stibibcts i ^ '^'^•i 



a' 1 



naich ^^reali-r'sL'l r iuLcresL raCHcr than group effcirt, with ^ . 

.Mrnitu'i piiu'li more money for tiHeir rospeeLive individual . ^ 

tlu'-.' ilid i'er Liu- r.^^'-^iiP hi\nk aefduilC. This was a c (•bmp I ishod by work efforts 

l>eip d i spropert ionalel y d i s t r i Ini t ed in favor of ihe odd hours of Clic day. 

■Spee i f iea I I V SuImcm-c (I) earned f^71 for himsc'l f vi^rsus $36 for the group. 



t ioii ef erfi)rt was apparent for Subject (2) as early as the first few hour^ 
el Mii'_ evper imenl while for the other two siibjects, the signiftcantlyj^reat- 
cr work effcirt for Individual accounts did not omerpo until 20-24 hours lator. 



In i;:-;per i nieiU Tf . tile threo female subjects also maintained a continuous 
alch of tliL' CRT screen and correctly reported all i^n tcrruptions of the _d is- 
|ilav. Consequently, as with the male siibjects, no money was ever lost :froir 



ither tliL- group or individual bank acaoants^ Tlie women's on-off duty cycU-s 
werL' semewiiat shorter however, than the men's with the women averaging _ 2-'J 
heurs orl and hour.s off. With respect to (sarnings, two of the female su!.- 

iecis oarrTed approximately equal amounts for the individual and group bank 
acccuints while thi* third female subject from the outset showed the self inier- 
ested earning pal "n of the three male subjects. Specifically^^ Subjeic (1) 
earUL-d $-^iO for : : versus $40 for the group 'ubiect (2) $5R versus $12, 

and Subject (3) ' ■ sus $36. . _. 

v:ithin each of subjects the followi ,:neral rule applied: The 

Uiwer the total ^>a^;lings (individual + group) ; iter was the prbpo r t i n.. 

of eariiings for tlie inc'ivxdual account (individual 4- indi^^'dual 4- grb'up) . 
In inUh groups of subjects, irorale was high , . Interpersona. L'ela t i brish ips v-'. 
pleasant ;ind during debriefing, all subjects', comments w.,^ r e an i t b rmly posi- 
tive as tliev expressed th^.ir enjoyment of the exper imoh t 'and their feeling-: 
!: { v./.j rd their co -part i c ipan ts . . . ^ 

-.- ' In Kxperinient T, alcliougli the men coopcra^-ed in ma i ritain irig the avoid- 
ance of monetary loss, their work efforts were clearly biased tbv^;ard their 
persc^nal e/irnfngs. P>y way of explanation^, it mav be pbs tulated that by work- 
iiii'. for themselves, earning amounts were "gu^^ ran teed " \^H^er.ias - wbrk efforts 
f<ir the grf)u'p were proportionately rewarded only__ i f _maLched by equal work 
<'ff(^rts of tlie otlier group members. From an individual * s pbiht of vi^w, the 
relativL-' urcertai v of grce^ performance and therebS^ i. dividual contribution? 
and shares in the ;j,r'-Mp Lj.tr.. can be viewed as one" reason for thi.s ^utcoine. 
l-i.^tiu^rmore . the early emer - ce of self ih tcreo l.cd pGrformance by onc suL— ■ 
jert c-an be seen to confiLm .ihis potehf.al imbaUance for the remaining sa'n- 
♦•H"ts and SL^L the example for the ir 'per fbrmance during the ^emaind'-^r ' o f tl>e 
expi>rinent. 
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riii^ ouLrui'it." o\ Kx|)«' I" i iiu;'! i 1 I liowL'\'r r ^ in' vi *a 1 1 ' cl L 1) n t L WO O f Llirt'i.' ft;:!., 
suhji'v'ts did plU wo. K s i i^n i f i cmti t I y iiiori.* fov tliu'ir inclLvicliial (.'arsi i f^s cii.^- 
spitr rlii' i .11' L tiia L ono foinalf vs^orKc'cl prd[V)rL- itinatc 1 y oven uiovy for lifrsoir 
( ii.in dii\ .!pv of rlii.; nia]t' ub j ; t s . T!ii.*st' c'.ata siijM/'si >^ i rs L' tHat tlTo self 
1 !i ( < • i'L'S t oii t ronu' o f L li i s l- po r i njvMi La 1 s i L l i oh i no i .lU'V i L aHl hot* cloos 
t Ul' I'xar.ipK s».t hv oiu' iiicliviclrrTil hocc^ssar i'l y St'rvo as a mbcU*] for c^miilat:ioii 
hv t lii; tUhfi' j>. I i i v i p.iii L s . Takon Lovu'LHcr, Llio cI:iLa f ro\\\ tUoso t'>:pcr iiiii'ii is 
s u>v-;«-^'^ t .i Sc-ns 1 t i VL* procotliiri' for re* voa I i hi.'. sl'I f LhLt'rc'sl vs. j;roiiiic) f i c-n tccl 
l-'h.ivi'or ih a tl-s i cloh l ia I laHoratbrv sottihi;. Hjiirofp^ oxpc* r i hkmU s rvicusia.- 
n p» h su. 1j variaHlL's as si.'x, porsbria'l i t y , and pavoff niatricv-s sliOhlfJ v-larifv 
t H.- r->lt' o''r tlit'Sc^ ^^afiahU's ii': Uo lu' rrii i ii i n>; Vhc outconlo of Chc'sc^ sc^c'ially 
ft'K.'v\ail lu'haviiu* p »"oi'c*ssi.'s . 

A L h i rJ (10-tla\). c" Apo r i inch t in Lliis series Has Iioon rocont Iv t-onr I ir.! eti ; 
_L!2iL„LllV.. -Uj y a- 4-r^Mij- 1 1 i .at l' >: p c r i riie n c :\vc . o u r r o i i L 1 v being a n a 1 y ;u 'cl . I ' r I i mi n a.ry 
« ■ I i!i i II. 1 1 ii'h of t liL' ilaLa, j-iowover, rc*vt:^i led : l"T"tTfe caihs is toil 1 airtl'snr ro!^?;-" 
1 ;.l US'* of a he\\rlv liTCrociuceh L ernpera Cure so I f-r'ev;u I a > i<Mi task, 2) a stable 
p.iLtt-rn of i n te rsul) jec C ssalrbron i ^.a t i on wli irh reSit'l t;eci* in equal sliariti^; of 
v.'erk eppi> rL uii i L i L'.'t aiv.l approx itnafe 1 v (.•quivnUMit da 1 1 v earnings' and 3) a 
r'es i I . ine • ' t () tluv effects of rofiipecicive vs: cooperaliive inoentivo eondi- 
( i(His when alLernaied on a :'4-!iour soli*Hiii] 'I'lio da.ta from tliose exper i inei; ts- 
su:.V;',esf Lhat i-tui f c.inii i Cy to a rrllc^ cfcpends not onlv upon the nature of the rule 
itself, bui also u\yon its tcmpc^-al parameters anc" the extcait to v;Ii i rh these 
parainL'ti matL'li or correspond Co the temporal si/co of everyday work and 
r es I ac t i V i t f C'S : ■ '■ 
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A TASK-BASrJ) FKAMEWORK. FOR UNDERSTANDTNC; 
AND lM?R(r fNC; CROi.^' PFRFORMANCF 



i)avid M. iierolci 
(lot)rg ia I ns t Ituto of Technology 

H.ir R .^'-rtHiml 

•it -e'lcw of the rol at Lonships betwef^n group performance and thoBo 
m:i\c . i c's cisMrrliy invtis t f. gated for tlieir nffocts of performance, (Nieva, 

F leisr j-id Iv f'jck, 197S) concludes with a 5;umniar 7 of 12 pr<".i:)osit ions con- 

cern I«t^, Lhese rei t ionships . Nine of these propositions are qualified by a 
St.. etnt ni j Uc' liza Lion that task-type is a likely moderator of the rclatiori- 

sfiip prt>.;osc-cl . Tliis inability -to offer straight- forward prbpositibris abdul: 

,rc^r;- or contextual characteristics as they affect group per fbimance , without 
firsL .:i;i-dnnt ing for task effects, has been repeatedly noted (e.g., Hackman ' 
and Mor-:rls, 1975; Steiner, 1972). It is generally agreed that this task-centered 
dii omnia is largely the result of the inattention wiiicli researchers have shown 
towards this critical variable (e.g. Ilackman and Morris, 1975; Zaj nc 1965) _ 
.Ta.sks in group research have been haphazard ly chosen , have Leeh uhsys t emat ica ii y 
varied acrnss studies making cbmparisoris of findings difficult, or have bee^^ 
tightlv cb.-Lrblled. and narrowly specified w'thlil studies such that we do not 
know the extent to which the effects studied are task-bound (St,^^ Hackman, 
I^roussenu & WeisR, 1976, for a rare exception). This lack of generalizabil it y , 
or i n .-omparah i L i ty-' o t previous research ef'foru^' has been demons trated . by writers 
wi^:) iiavL' stu)UTi that seemingly contradictory findings of different studies inves- 
tij^ating the s.ime variables or relationships co-ild be recbriciled if brie accbnntt>c< 
for task c'. i f ferericc:* between ther^e sr\*-ies (e.g., Herbld, 1978; Shaw, 1954): 

Prr'S_en_t_ Ff for t^ • 

Tlie pres^:nl research effort buixds o-^ ' obser-' ations and has as its 

ma jor focus an ittempt tp develop a_ Laclv taxonomy wnica could be ;:"C:d lb: a) 
speeilv the cypes of tasks for which certairi relat ibrishibs hbld, b) identify 
the process issues Wiiich seem to be related tb successful perfbrtnance of 
difft'!' ht tvpes of ta57ks, and c) could serve as a guide- in choosing strategies 
for /, on group performance by identifying task-contingent process 

tss- are likely to be relRted to group task performance. 

,.h and Alt map ri966)__not?; four approaches to task description. Two 
of Li;- , "task qua_ tasV' and "tail, as behavior r -emerits" are un'lized in 
th' present TPDroach. The task^ua task approach has been critized ai^ being 
too bperi-eride I arid ribt rie'.:essnrily linkable tb grbup interaction process. Ilow- 
L'ver, as Altman (1966) noteb this criticism could be overcome if we first 
identify the basic behavior requirements created by ta^'ks and then proceed to 
: ''urify only rhost" ta :3 • r ip t i ve dimensi,)is which are_related to these. 

:ia vior req I L •• -men ts . Using chis approach, Lhe present lirie of work (Herbld, 
; ^'8: has proposed a distiprtion betweeri the technical arid social de'nands 



r'i.ult' bv tjsl<s, with of IWi'lU' iltMiKUiti d iiiicns i o ;is /aryinj; on a (limcnisibn of 

.■onii'N-r-:i t. V ( i 1 >n 1 ! v s.itisfifl or (iKfiL'ult. lo 'Satisfy). Tluis we Havt) a 

;\Mi{-i-i' 1 i c-(i tvpoiiMW. with tasks \n:\n^\ st)i'iany HiinjiiJc* or t:nmp 1 ux anil tGchnic-ally 
^;iripK' or comnb-'X, dcpt 'luJ i n^' on. tliL' pri^r-ss clijmaiUis wHiCrli Choy impost' vjn the 
•.' i i '.ip . 

r.:rl i.-r atLc'iupts ,\i iisin)/; tills typolo^^v for makiny, rather clinical assf^^^-. 
r:ieiUs task-f vjies ha vi- _heen s access Til 1 in rtnvohc* i 1 ing prev L oUsl y con t rad ic tory 
-;ti|<!ies on t hi- cffL'Cts of dlffereilf chaiUTf strati'^ies on r,roup performance (Herold, 
]<»7;-:), aiUl h iv'e alsi) lu'en shoum to tend to empLrLcally supported, propoji i tions 
ahoiit thi- .-rre^Ts of certain leailerslUp training strategies on the per Fbrniahi:e 
t> r iM-t>»i:»^ iitM:.rLjriniiiK...dJlit-re-Fvt^_y^ and. Ir/olf, 1 9 77 ). ;/i owing those 

c-fi'orts as ilc'aliiu; with the "task a"s'lfcdiaV i of "Teq^^ ' 
(K-:c r { ;>t . OP , uui liaviiH' dembiistra ted Chat the presently uschI d i im^ns lonF. _ a re 
r.'asojial'I for assi'ss i n;.'. behavior requi rements at a ^^ross or macro level , the 
followin- St- >\rc pri-si-ntlv being i mpl cineateti to i'urther these development^^ : 

! j An effort is being made to move to tlle "t:i:;k qiia Cask" mode by identifying 
^:nrcific Cask atrribiites wiiich are expet-t^'d to I ve rise to tbe socially 
si nip If or complex and technical Iv simple or complex process demaricis . 

Tiu' utilitv of thi- task typology is h^Mng testerl by exanining the feasibtlitv 
of catL-i-,ori zing, actual work-group tasks according to the .identi f led task 
attrilMiCes, and testing the reliability or consistency of such classification 
.'.'ii(\in orvMU i ;^a t ions but across indi v ichja Is . 

T-:."^e atrr.ni:tes\ to be n.aximally asef vil , will have to be.linked .ro specific 
iK'aaviorai rxpectations waich are more micro tli.-- -'mply "social" or " t eclni i ca i ' 
process epw'uics. Th.:! is, we need ti ^IcIk.:: [. it it is that wL expect 

tt:o ^-iroup \v, "Id have to. do to sati^^fs t nd * . :i t e d by a spec i fie tas k 

atL ibutv r example, if solution r. .{.licttv is a relevant task ittribute 
Lheil oile ci>! observe wlietlier or nou tV.Li groi;p.iias recogni>:c'! this by 
••,enora L i nr .ii o'/aluating multiiile al tertiaC ^* ves ) . 

l.M;:lo task clia r- ) c L er Is t i s arc liypothesi v:ed r^^ (M'eate ,a 1 a :^.i/o r . techn i ca] 
i-roi-oss ditfiruLtios wiiich need to bo satisf"ie{l in order for affective task 
pi-rformance to take lace, it is prohably safe to assume that o t Her ind i vidua . ; 
' r,roup, an: c^ont. .-.i.i I variables will also be responsible ^orcrGattng or modi- 
fvlng precL'Ss den'and.s wliicli the group must deal with. Kor exa.nple, the nature 
of memberr,' skills, group norms, and o rgani x.a i i onal r -ward systems can be 
exported to crcc.te or ^neliorate social, and technical process difficulties above 
and bcvond what has been i^reeictcd h / the task Analysis: Towards this encl, 
tile present effort is al<--(. a:mer: at dentifylng these relevant other variable.^- 
v'>i^!i, together: wi th l^ask Influences, determine what will actually take place 
duri 'rtMit^ pr.vH'SS, and wlietlu-r or not this will be ac'equate ^br meeting 

t a' ,l"'n,i;. !•; . ; 
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if su('(-i ssFiii , lu' abovo (efforts will \vivc both thcorctlcnl nncl :-ippl lod imnli- 
r.itioTis. 'nu-oreli-al ly, these dc vo Lopmoa ts will, ^lopofiilly allow us to better 

iiiulefst;incl t ho rote of tasks in research on group per fbrTnarico , to nrocced with 

n-seareii effe.ts vliicS are more cumulative arid integrative than rVe present patch- 
work of stiidiL's, and Lb bettor understand previous research o. f for ts. Another 
pnttint lal Ll:ecr.:'t Lf-al benefit wcnild be tlic closer linkiny^ of reeieaLch on group 
.eharart. rist ic s, i;f^>iip performance, and group process. 



hi u-rms of applications, lo the . orib that these efforts will be ablr^to 
i.i.'Htiiv thc= sour^-es and iiatn.e of proce^oS dt f f icu i tier: which possibly inhibit 
):roiip prrri^ri'iaiiee, Chey wrU make possible tests of thi- effects of group inter- 
v^.-n(inri strategies spec L f.i. ca I ly chosen or developed '".-rtha purpose of .addressing .. 
su(-ii t.isk and/or situation. ' ■ v" de • rm ined process difflcul ties . Curren t group ^ 
iu( rrveuL ion slratL-gies ar. i. :-gely technique and/or not mci M vely-based _ and their 

ieac ion across groups performing different tasks has resulted in mixed results 
at b.'SL ''l':^:, Herold, 1978). It is assumed that task-contirig'-rit ^PPl it:^ ^^^^"^^ . 
n*' stirh sLrntegies will be more successful iri improving', t.. task-po-formance of 
''r oups . 
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A STUDY OF IJ-AOER KEHAVJOr. TV nil' KPFRCTIVE 
MANACiKMRMT OK 0R('ANt/:ATTONAl:; GRTSES 



Tiionias \i , Mi i nirn 
Oli'io. ScaCG [in Ivors iCy 

ABSTRACT 



St'Vt'riil quL'Ht ions ar ise roiu'erning orgainzat tonal crises arid their 
liailcl 1 i ui\ i 



I. Wiial' is Che nature of crisis iri orgariizatibrial settings; are taxon- 

omk'S appropriate? 
J. What kinds of responses occur? 
i. Whirh are adaptive or effective responses? 
. UHiat practical applications are there? 

This paper rei>orts, on research efforts to conceptualize, ineasure,- and under- 
stand aspects of crises in organizat ions^^arid to develop hypotheses and in- 

srt;hts. The program of research , included laboratory and field experimentation, 
a quest ionr.aire-based survey, and a dozen cases investigated by maltiple inter- 
views and observations. • 

{)rgani7.ational crises are decision-miking and -implemeritirig situations. 
Ft Is necessary for them to be perceived as crises by key individuals within 
organizations in order to be treated and r-^-uorided to as o- r-^nization? ! crises: 
Organizational crises always involve some degree of stress "P^n individual ^ 
■'ithin the organization. StressfLil situations^ whether constraint, dem^.ad^ 
or opportun ity, claim adaptational energies from ind ivid" 1 s in t/je ii: .in ter- 
aetions with their environment j . Humans are maximally adapted to ffective^ 
i:iterrial and external performance within a number or physical arid p-yctu logic al 

par-'itnorors; outside cf these, it is more difficult for persons to inaintain 

[lomoostasis , and stress symptoms, de^^elop. StL«„3S iTia\ ^ ': _• - .^^ -''^!^_:^^^^ ^-^^ P^^si-- 
(•al conditions (temperature too high, temperature too iov.^ t:oc muc'.i or. t^o 
little noise or light or other stimulation) 'and from psychological o:-s 
(threats of loss or danger, action demands-especially ones with deadlLnes, 
uneertaint, or unpred iccah il ity , and lack of control). _The efi.vccs of stressors 
cumulate additlvely over situations and time (Holmes & Kahe, 1967 ). Old^^r per- 
sons show similar sympatnetic nervous system respbrises ( t'ight-f light) ^aid ex- 
tensive ci..iins-of hormonal and other resporises, as do younger ones, bot s;yo\Jer 
decline :n bloo . _--e.'^cure , pulse rate, etc. after the stressors are no longer 
present (l^vi, 1979). Individuals show large di I 'erences in their _percep Li cr 
of r.^*-' . 1 1 f ic^rice anc! severity of ^he stressful conditions they^face. Tyf;'- 
A persoris are very t l.tie -sensitive arc' -responsive, and stress themselves arid 
others under conditions in whi>-h chey ^.erceive time pressure. 



Our rt^'scarch i n vcs t ! C ions hnvc led us Co a now clo fin i C ion of crisis; 
n.iri.'lv, fii.iC an b rgaii i ?:n c loiia 1 crif;is is a situation (a tiire.it or oppbrtuniLv) 
i nV .J vi m.'. a h ! probability significant loss to tlic drgahiza - ion , aricl wlic-re 
f. !k r-. i i ved time {>rossure to rbsolvc? it. Sbmcwbat to bur surprise it 

is nol so inucli uhexpeC t i/clness or surprise pejr sb that exacerbate, crises but 
ratlier a lark r. a rL i cu 1 a t:<;u plans, or practica^bas'';icl rblevarit skills and 
access lb lu-cessarv r(.\s( • rc es . Time prc^ssur b . a ppbnr s to interiigify crises, 
i '•i-i'.ai t i :^a I ibiia L cri.^ies produce chains of individual crises as managers, sbnu.lime 
j h. .(! ve rt c 1 1 1 V , siiress their subordinates. Crises to which we hn\^: attended 
have verv (> f t en , t Ho ugli hot alv;avs, worsened as a function of tu]^ .management 
h(.'edr; t o I'erit ral i;<e. cohti^^l and to leave but iriidcl le- level rr - imagers and expert^ 
and I he i ri for.iia L ibh Lliese [>ebple could heave provided. " .nay differ as a 

fuhcti'(Mi of v/hethor the crises are seen as eniorgin^: frbr.' , 'e or inside? the 
iM-'.'.ai1 i /-a I 1 ( Ml . OctsLde threats aie more readily maadged - • '..cernal ones, and 
i'lav lead to laereased organizat iori'l cohesiveness if the, ised to mbbili>:c 

fffcirls ins ill'.' and to give addi ticni.-iv meaning to the tasks ejnjxloyees pe"^fdrm. 
Iiltei'n.i! Mireats may fragment parts or levejs of ^■"'n organization and may lead 
'Li> a r».'si('Mi' oi' 11! will and conflict. ^ 

In I hi' ():ily. ins tance "" i n which we cor.ld observe two crises simultaneously 
i ti the same . o r);an L za t i '^n , there was a loss to part of the organization — a 
complete change ii. the top management team, actually — that appeared and stil/ 
appears to have b'^r-n quLte preventanle except that the^ at tent ion of the loader- 
ship was focused on an opportunity, going public and being able to m?ik-3 an 
i.mportant mergi^r: As a result. ':ec«-asarv efforts to acquire financial and 
poi 1 .i<S'il all 'es were not taken in time to prevent the take-;Over , 

A dc'gree of detacliment would appear to be invaluable in d'^aling with 
crises whetlier 'his comes from'good nianning, from hav:;ng a:» emergency role, 
from being a slightlv less involved (a^:d certainly less threatened) expert, 
or fr(^m the emotional inoculation of having faced and m??stered so'fie past 
crises (.lanis 6< Mann, 197"'), ideally ra tiier- di f f *2t ont or ^^.ven si-'^/aLated past 
crisiv'^. Manager:, who liave created critiis si tuat i;':>cs for others J.n the 'org- 
anization bv the demands they make may feel detached-; Virtually ail th^hc 
in a /irietv of organizations who worked in crisis situations but found therr 
selves (l'-lac:hed or distanced from tlie danger, or \'ho felt themsexves in con- 
trol of the situation reported their crisis experiences to be exciting, 
pleasurable, exhilarating, and meaningful. Moreover, tliey were most likely 
to rt.'|:)ort tnenis elves and to be described by others oS per^orTing effectively 
d ur i ii<^, I li« r 1 s i s . 
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Planning arid past experieiitr.o would iseem most useful preparation for 
crisis performance. Past experiisnce perhaps could include experience in 
siiiiiilated c rises in which task demands, threats of appraisal, and tiire pres- 

iiti' provide us» I. iinnlogs of rr^al-world crisis situations. Siinul a t i ons 
can dran- lcall% L frustrate the importance of not ;»ei:ting caught up in 
IocmI worst-cas- >■ iilyses and definitions of the situation as well as pro- 
viding some with the necessity for planning for access to needed 
resources; t- ai;: llies: Simulations may provide emotional inocu J a r ton 
init tliey c^i .i.so i^ro :de training and experience in appropriately montccjrtn 
tiu* t' vents ;i . [ is is : tuations. 

There oth<'i .v.iys of thinking abon:: dealing with organizational 

crises in efi* - ' !v<* .%/ays. Surely not the worst of these is frequently the 
miMt.iry way, cleaning out management: Such action has most often taken 
pi;i(U' tiuring the first six weeks after the United States has gotten into a 
major v/ar in which the costs and potential costs of* errors could influence- 
victory. Some kinds of mistakes one does rot want to see made twice. M:!s- 
L"ai<^s do noL occur merely out of careles'^-ness or incompetence, of course,' 
but because some persons are s:mply less e f f t,'C t ^ .-r- in st.ressful situations 
.•^'.urh as organizational crises. *;ot only striving rigid people, but parr^'c- 
ular.lv defensive on^s, anxious ones, self-ciitical ones wi^th low sel f-eu tee.-n 
and often angry ones, or ones who respond hype rbo Ileal ly, appear less effec- 
tive in crises. Ar Fiedler and his colleagues C^SO) have observed^ ex- 
perience appears m^ re useful than intelligence for dealing with crisis' situa- 
t Lons . 
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l)RCfS]0>3S AHOUT CAUSKS OF POOR PF- F^FOR>tANCK 

Tbrerice K. ^tiCcHell 
llh L versi ty of \7asHiiigtbn 

VUxril happens v-;Hen a iiiailagef of supervisor observes of is informed of a 
Hiibo fil i tIaL'u * s pe r fof riiailce ? That is, givieil that clie leader has knowledge 
i>f tho pfobl.em lidw does ho of she proceed Co fenledy it? 

Till' ILCefaCurc (up until fccently) felated to this question has been 
father sparse and tends to be of a descriptive of pefsdnal experience nature - 
There seeins to be agreement that certain violations demand an immediate and 
piiniti:ve response. Vcr exainple, theft, f^ilsif ication of rr :oc'. fighting 
f ' f)r imands probation and/or termination. 1- In many rai^eL; tlt.'.s ie5:ponse is 
(iietated bv company policy and the ,superviscf real^v vcr, ^Ittle discre- 

I inn nvef what happens: 

l{c)wevcr, most cases are not so clear cut: l^^hac usually happens is that a 
s(i(m) f (I i na t f misses a deadline, is tardy or absent occasionally, does not \\'Ofk 
iivertiine when needed, engages in horseplay, does sloppy work or some dther less 
extreme violatton of expected behavior. The task of the supervisor or manager 
is more complex in these settings, simply because there art few clear 'pre- 
scriptions or rules about how to proceed. 

Probably the first thing that ]iappens in cases for whirih no clear poiicv 
exists is that the SlIper^/isor tries to determine why tlie behavior occurred, 
in trv ing to ascertain the caase of the poof performance, the supervisor may 
st)i icit information from a variety of sources including the subordinate in 
qutst ion . After Lnl.s information is gathered, it musr. be processed, so reed, 
and evalu.' ted and ev/entually some sort of reason or reasons are judged to be 
tiu> cent ri !:u ting factors. For example, the poor performance mighc be due Co 
a lew skill level, a lack -if motivation, poor instructions or insufficient 
support services. This process is called the attribution phase- 
After the cause is determined, the supervisor will '.''dually select some 
ct>urse ti f action tiiat fi^"s the believed cause. So, f or e/.amipl e ^ if the sub-^ 
ordinate's poor performance is seen as being caused by low indtivation, the 
supervisor might engage in a formal discipline procedure arid verbally repri- 
mand the employee. If, on the other han,d, the reason is seen as irisuf f icient 
i tm" o r nu'U i d ri or support, the supervisor might institute changes in the work 
setting arid if anility is seeri a.s the cause, trairiirig mi rji t be appirbp riate. 

There are two key poirits about the process descril:)ed which need to 
be h ix;h 1 L;;!ited . First, it is a two stage process. There is an attribe 
phase where the supervisor determines the cause bJ' poor perfbrmarice, ai 
is a decision phase where a response is selected from a .s^t of alternat e 
Second, we must recbgriize that this process entails active inf of mat i'" r p*" 
ccssing on the part of the supt^rvisbr. The^-iBfore, simply 1 , virig good peffof- 
mance appraisal irist f ument cr pfe.scfibed d i.9cinliriary pf bceduf es is not 
en()uv;h. In brder tb understand what is hc^pperiin;; afid how pbbr performance can 
be handled more effectively, we njst uriderstarid this evaluatibit pfdce.ss more 
fully. 
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A ModLii of iiinghosiiu: ^ind Respbridiri^ Co Poor Porfbrmaricc 

The model whicH is priasohtc-d in Che sympostuTn is dftsignod to represehc 
I tn.-* r-iij^ sC:iji;c* process doscribed above; For both of chese stages Chere are 
some rationa-i factors and some biases Chat affect the leader ' s jiudgments . 

There "are three inf ormaC'ibri diigerisibris which help the leader decid. 
bcitwueri an iriterria 1 *.c\use (e . g. , effort or ability) and_an external ca.-s* 
(e.g., a dif f'lcul't task, bad luck); Distinctiveness r^ftQj;s to, the extenu 
to wiiicii M subordinate has performed poorly on other tasks. The less 

disLihctive, the more likely, an external attribiitioh. CH^F^is ^ency — - - 

refers to the extent to which perfbrmarice has been poor befoic on this parti- 
i-ular task. The more consistency, the more internal the attribution. Finally, 
c-orij?e^iij;?iis refers to the extent to which other subordinates perform poorly at 
rhiTs ~t .-rsk. The lower the consensus, the mere\internal the attribution. For 
o.. ample, a subordinate who has done well on other tasks (high distinctiveness) , 
J e well on the . par t icular taSk in the past (low consistency), and has co- 
wOr:.ef.s who a.l^40 have dtfflcnlty witli the tasK (high consensus) :s liKely to 
rfcelvf an externa] attribution. 

fiusides these rational _ informational cues there are lots of other facco'rs 
tlint irifluenrd the ^ ttr ibutibri, and marly of these factors introduce bias into 
the process. - Firist and probably most important is the actor/observer bias_. 
It has been welt documented that people think their own behavior r.ends to be 
caused by external 'forces but that the behavior of others is caused by Inter- 
n.i! factors. The behnv/ior nf someone else is salient to the outside observer, 
hue it is the envirbnmeiit vltich is salient to the actor; So, a subordinate y 
(actor) expln.ning the causes of his or her behavior is likely to see it ps 
caused by external events while the supervisor (observer) is likely to see 
it as _causecl by internal dispositional factors. 

Coupled with the ac tbr/bbserver error are sone self serving biases. _In 
general people tend to attribiite successes to themselves and failures to forces 
beyond their control. \^evi v..' combine t we two biases, we can see that, in 
cases of poor performance it_ is very likely i-iiat supervisors will see the 
causco as internal to the subordinate, v/hile the subordinate will see the 
cause as external events. This difference in attributions is likely to lead to 
conflict, disagreement and hard feelings. ... . 

There are some other sources of errbr^iri this attribution phase. Anything 
that increases' the distance (psychblbgically and physically) between the supcr- 
visQr and the subordinate is likely to increase actor/observer and self serving 
experience he or she has with the subordinate's job, and the more powtr the leader 
has, tiie mor£^ the supervisor is likely to make internal attributions for poor 
performance. 

The secbnd link in 'the model is tho decision phase—the leader n»ust select 
a response; obviously, if an internal attribution has been made, the response 
is likely to be »direc-.ed . at the subordinate (e.g., reprimand, training) andif 
an external attribution is made, a response directed at the task will be more 
.'ipprbpriate (e.g., provide more support, change the task). Agairi, there are 
some rational and less rational factors that affect this response. 

On the rational s;de is the.fact that.^ supervisors' at this point -usually 
engage in some sort of costVbenefit analysis. That is't they weigh the pros 
and cons of various responses. They consider such factors as what is the prob- 
ability nf a given response (l)^changing the subordinateVs. behavior , (2) 
having n positive or negative impact oh other employees, (1) making the super- 
visor feel good, (^4 adhering 'to comp^^^.y* policy^ and so on. ■ These are clearly 
important inputs to the decision. 



But, again, there are some less obvious factors that seem to enter iri. 
For example, there is now considerable. evi_dehce that the consequences of the 
poor performance affects the response by the supervisor. If the missed dead- 
line for the -financial report resultis in a lost contract , the supervisor is 
much more likely, to be personal arid punitive than if nothing negative, occurs . 
In many cases, the subordinate may have no control over the out come ^ but yet 
he or she is treated much more severely when something negative happens thari 
when nothing negative happens. _ . 

Another source of bias in the response phase is likely to come from the 
subordinate in the form of apologies, excuses arid external explanations . Even .. 
though the supervisor has _ accurately diagribsed that a subordinate performed ^ 
poorly because of low mbtivatibri, he or she is much less likely to be punitive 
and severe if the sul ordinate apologizes and promises it will never happeri . 
again. It is simply hard for. a manager to be severe and punitive with sbmebrie 
who admits their mistake. ^ _ _ 

If one summarizes the implications of what gbes bri iri the two phases we 
have described, the follovzing conclusions emerge. Fi^-st, supervisors are 
likely to see the poor performance of subbrdiriates as Internally caused . 
Second, there is likely to be disagreement about that -attribution. Third, 
there are forces along with the iriternal attribution (such as outcome know- 
ledge and ease of Use) which will push the supervisor towards a personal, 
punitive response. However, apologies and social or organizatibrial cbristraints 
may make it difficult to actually utilize such r^'sponses. Thus we are faced 
with a situation where a supervisor^ f irst of all, may urikribwingly make some 
errors of judgment about the causes bf pbbr perfbrmance,^and then secondly feel 
frustrated because of certairi sbcial or organizational pt^hibitions about whai: 
he or she_feels should be dbrie. ^ 1 _ 

One final pbint rieeds to be mentioned^ There are* times when _ the above 
process is not used. More specifically, there are certain situations where 
there exists either a personal or organizational' policy tb d^al with poor per- 
formance (e.g., three unexcused absences in a month requires a written repri- 
mand). Under these conditions, the attributibrial process may not be active. 

Some^'^Empirical Resu lts Supporti ng*' the Model 

We have conducted a few studies over the las_t few years that were designed 
tb test a number of propositions of the, model.. Whi|e a detailed description 
and review of this research _is available elsevzhere, a short summary of what 
we have done should be helpful. 

So far, we have_been able tb dembristrate that : (1) Workers do attribute 
success to internal factbrs and failure to external factors. (2^ That dis- 
tinctiveness, cbrisistericy arid consenses affect attributions in the manner 
predicted. (3) That internal attributions result in more persbrial arid punitive 
responses directed at tfie subordinate. (4) That,_ negative br severe outcomes 
increase the chances that negative responses V7ill be directed at the subor- 
dinate. 
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_ There arc a number of impj ica t ions of this type of model for both thoorv 
and practice. But perhaps the most important pdiHt to recognize is that the' 
•supervisor is an active processor of informnclon and that a whole variety of 
'i"th_ relevant (e.g., past performance) and non-relevant .(e.g., similarity! cues 
^5!^'^'^ .lodgment about a subordinate. A better unJerstariding of 

^''.^''. ^^"'^'^'•" ''"^L its inherent biases should lead to a training program to 
increa.scs the effectiveness of such supervisor iudgments. 



FOOTNOTES 
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ISSUES AND TRENDS 



Paul A; Gade . 

Four of the papers seiected for presentation at this '^olloquium were con- 
cerned with issues so timely for the needs of the Army th::t a special 
session entitled '^Issues and Trends", was established for their presentation. 
These papers dealt with topics that are of interest not only to Army . . 
managers and leaders but to civilian managers and organizations as well. 

Colonel Walter Adkins* paper presents a somewhat traditional approach 
to measuring innovation in organizations that is applied to th^ unique 
characteristics of the military research organizations. Walter is 
using this research as part of his di3sertation, 

Tn contrast to the more traditional approach used by Colbriel Adkiris, 
Dr, Davis' paper suggests that we ought to consider measuring iriribvatiori 
in organizations in new ways. Bob's paper represents a small portion 
of his soon to be completed book entitled "Organization Innovation arid 
Renewal." • 

Dr. Fiedler's paper suggests nes>7 _ concepts about mariagerial effectiveness 
and new methods for improving the ability of managers to use their cogni- 
tive resources. Fred's paper is another in a continuing series of papers and 
articles in which he has contributed to bur thebret ical arid empirical 
knowledge about what variables are important to leadership arid fflanagement 
in organizations. 

__ _ _ _ _ _ _ 

Dr. Moskos views the U.S. Army as ari emergirig organization which has 
incorporated attributes of both iristitutibrial arid occupational organizational 
models.. Charlie's pap>er cbritrasts a sbciblbgical view of the all-volunteer 
Army with the ecbribmistic paradigm that is traditionally used by researchers. 

All the papers presented in this session represent issues that are 
currently of great concern to the U.S. Arttiy. They also represent theoretical 
and methodological trends for future avenues of research; 



OReAMfZATibNAt TOLERANCE OF imdVATION: 
A eOMPARATTVE STUDY OF MILITARY ORGANTZATiONS 



Walter R. Adkins 
University of Alabama 

this on-going study addresses the impact of organizational structure 
'on creativity and innovation within research and development organizations 
In a military environment. The central hypotheRis Holds that the more 
monocratic t^he organization the less tolerance fbr_ creativity arid innovation. 
A number of sub-hypotheses are being used to establish, relationships 
between creativity and innovation and structural variables such as 
centralization, size, and formalization. Indications of the validity of. 
the hypotheses will be developed by a comparison to three types of U.S. 
Army organizations designed _f or research and development work. _The 
specific purpose of this effort is to develop knowledge useful for 
improving the capability for creativity and innovation within military 
orgcinizntions. 

The greatest interest shown by scholars in organizational creativity 
and innovation attest to the significance of the sub--ject, but there is 
considerable disagreement in the Ixterature as to how the process Vy/brks 
or how the organizational environment impacts on the process. There is 
much agreement that variables such as organizational slack, freedom to 
failj ;idb security, centralization, formalization, level of conflict, 
arid level of prbductibri brieritatibri impact on innovation, but there is 
little agreement as to the relative weights which should be assigned to 
the varibus factors. Very little off the literature addresses the creativity 
arid inriovatibri prbblem in of ganizadibris which are now, and probably must 
remain, prbdUctibri brierited and monocratic. ^ 

. ■ . . . j ■_. . _ 

Cbricepts which were found to b^ common to much of the literature . . 

were used as the foundation of the' theory of this study. Modifications 
to insure fit to the military environment were based on exploratory 
considerations dvavm from miiitaryl experience. The theoretical statement 
developed for the study holds that * organizations which are production 
oriented, centralized, and hierarcrticaiiy controlled make for poor 
innovation: Further, military organizations,-; because of their unique 
mission which forces them to be production oriented to a high degree, . 
will probably'continue to be centralized and hierarchically controlled. 
The large, monocratic organizations in the military establishment must 
rely on separate non-monocratic sab-units — specifically designed for 
innovation activi.ties — to increase their tolerance for creativity and . 
innovation. Additionally, a sub-unit designed to encourage creativity 
and innovation will tend to increase in effectiveness as the administration 
separation between it and the parent organization increases. 
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'tiu' stiidv design used in gathering and analyzing uhe empirical data 
needed to test the theory was built around the fact that organizational 
teveis of creativity and innovation are extremely difficult to measure. 
Tn tliis work, a panel of experts was used to' develop three categories of 
Army sub-units classified according to their relative potential for 
creativity and innovation. U.S. Army research sub-units which are 
structured like the three .type organizations described by the experts 
were selected for detailed examination. Tlie supervisors of the selected 
sub-units were interviewed by tlie researcher and all action officers 
were asked to complete a questionnaire. Records and reports of the 
organization were also examined as a part of the effort to develop a . 
clear picture of the characteristics of the sub-unit. The resulting 
data is being analyzed to develop three indicators of- the weight of each 
dependent variable in each sub-unit. The first of these is being developed 
from the perceptions of the action officers as reflected in the .responses - 
to the questionnaire. One supporting indicator is being drawn from the 
interviews of the supervisors^ and another from the records and reports. 
The indicators of all sub-units in a typie class are then averaged to 
arrive at three separate indices (perception of action officers,' perceptions 
of supervisors, and records arid reports) for each of the three classes 
of orgariizations in the typology. The results of this arialysis will 
allow us to associate the level of creativity arid iriribvatibri of a type 
of sub-unit with a level of a characteristic showri by that type brganizatibn 
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EFFECTIVE USE OF MANAGERIAL ABILITY AND 
KNOWLEDnE—BEYOND SELECTION AND TRAINING 



Fred E: Fiedler 
University of Waishin^ton 



Persdiinp-l psychology historically interprets its major ^riission as 
the development of tests and measures which predict job performance, as 
well as to enhance such skills and knowledge by training. However, the 
field has yet to address the equally important problem of identifying 
tht» workinp, conditions which enable individuals to utilize these "cognitive 
resources." This issue is here discussed in the context of military 
leadership; . ' 

Selection and training methods basically assume that individuals use 
the abilities and knowledge they bring to the job. Hence, the more 
task-rcl evan t ability, skills, and knowledge they have, the better we 
expect them to perform. However, the predictive validities of most 
ability tests have been very low. A review by Schmidt, Hunter, and 
Pcarlman (1980), based on 1917 studies of 226,866 employees, reports 
median validities of .19 to .26. Likewise, median correlationsbetween 
leader intelligence and - performance have been between .22 and .28 (Stodgill, 
1974). Other measures fare even worse. Thus, 13 studies corr-^"" ating 
leadership performance with years of leadership experience yielded a 
median of .12 (Fiedler, 1970). This finding is all the more astounding 
v>;hen we consider that nearly every employment application asks about 
previous ivork experience. 

One reason for these low correlations of performance with abilities 
and experience might well be that people cannot always use what is in 
their heads. _ \>nio has not, on occasion^ had a job in which t>e could not 
function at his usual level, or been in a situaticri which supported 
Shakespeare's dictum, '^^here ignorance is bliss, ' r.is folly to be wise?" 
^\4iat, then^ are some of the specific conditions which affect an individual's 
use of his intelligence arid of the knowledge which experience or training 
provide? 

Triterpersbnal stress is clearly one important factor ^ff^^ting the 
utilization of these cognitive resources. Stress generally narrows the 
individual's intellectual focus, increases rigidi*:y in thinking, and 
reduces the creativity (e.g., Lazarus, 1966). We also know from studies 
of social facilitation (Zajonc, 1965; Berkum, 1964) that the stress of 
being critically, evaluated tends to increase performance on simple and 
over learned tasks , but reduces per formance on newly- learned and complex 
tasks.' Since experience generally enables an individual to develop and 
overlearn routine solutions, we would expect that experienca improves • 
performance under stressful conditions, while intelligenc e# improves 
performance under conditions of low interpersonal stress. Such other 
factors as leadership style and task structure also affect the use of 
abilities and experience. This paper focuses primarily on the effects 
of interpersonal stress. 
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A namber of our studies throw new light on the conditions under 
which mitttary leaders use their intelligence and experience. The first 
snidy of a recent" series (Fiedler and Leister, 1977) was based on 158 
infantry squad leaders. Further studies have been on 130 Coast Guard 
officx?rs, petty officers, and civilian employees in responsible staff, 
positions (Potter and Fiedler, 1980)., and on 45 company commaTiders. and_ 
staff officers from 9 Army battalions (Fiedler ,. Pot te;r , Zais^ and Knowltbhi 
1979). Intelligence was measured with the Army's GTS or the Wbnderlic 
Scale (1977); experience was defined as time in military service; and 
the measure of stress consisted of a scale on which the leader or staff 
officer rated the stress in his relationship with his immediate boss 
(SB). Performance was evaluated by superior officers. (Contrary to 
expectation, a subordinate's rating of stress with his boss is riot 
ci^rrelated with his boss ' rating of the subordinate' s performarice. ) 

We divided each of these samples bri the basis of stress with boss 
ratings,^ and then correlated iriteill igerice arid per fbrmarice, arid experience 
and performarice, for individuals with low, moderate, arid high SF ratings. 
The results showed that leaders used their iritelligerice but riot their 
experience when SB was low, arid used their experierice but riot their 
intelligence when SB was high. ("Use" of iritelligerice or experience is 
inferred from a positive cbrrelatibri betweeri per fbrmarice arid 10 or 
experience. 5 Even more Importaritly, perhaps. Coast Guard staff as well 
as battalibn staff b f f icers misused their iritell igerice under high SB; 
that is, iritelligerice cbrrelateid riegatively with performance under these 
cbriditioris. 



A replicatibri by Borden (1980), based on 438 officers and NCOs of 9 
irifaritry battalibris, yielded identical findings on leaders. However, 
staff officer intelligence was lincorrelated , rather than negatively 
correlated, with performance tinder high SB. 

That stress inhibits the use of intelligence and creativity was 
shown by an earlier laboratory study of ROTG teams which were randomly 
assigned to experimentally induced stress conditions. This study indicated 
the the leader's creativity scores correlated positively with the group's 
performance under low stress, but negatively in the high stress condition 
(Meuwese and Fiedler, 1964). Taken together, our research strongly 
suggests that the leader's use of cognitive resources depends in large 
measure on organizational factors rather. than his own job motivation. 
The performance of managerial personnel — and perhaps also non-managerial 
personnel — should, therefore, be substantially improved by developing 
conditions wfiich facilitate rather than inhibit the utilization of task- 
relevant intellectual abilities and knowledge. 

Several possible methods for promoting the more .effective utilizatibri 
of cognitive resources suggest themselves. Reducing the vulrierabil ity 
of key individuals to interpersonal stress by appropriate stress mariagemerit 
training may be one way. Individuals in higher mariagemerit pbsitibris 
could also be trained to relate in a way which is more cbriducive tb the 
fuller use of their subordinate's abilities and kriowledge, or tb assign 
them to tasks in which they can use their abilities more effectively . 
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HoUl promlBing; perhaps; is training which teaches the leader to . : 

nialcl) liis own 1 ondc rsii hp situation to his leadership style. This approach^ 
called LKADICK MATcni (l-iedter, ehomers, and Mahar, 1976), has now been, 
successfully tested in tivitian, as well as military, settings. Validatibh 
studies have included experienced and inexperienced officers^ cadets, 
and NCOs at various levels (Fiedler and Mahar, 4979). Research indicates 
that Leaders can quickly learn to make changes in their leadership . 
situntidn, wfiich result in the more effective use of the leader's abilities 
and knowledge; 

Organizational psychologists clearly need to think beyond selection 
and training. The major challenge which now faces us is the effective 
use of the brain power an organization is able to attract. 
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SOCIAL AND PSYCHOLOGICAL VARIABLES 
IN ORGANIZATIONAL INNOVATION 



Robert H. Davis 
• Michigan State University 

Tndividuals and organizations do hot always adopt innbyations when 
Lt is in their best interest Lb do so, and they sometimes perversely abandon 
successful iriribvatibhs . Thiis presentation examines some of the variables 
that have been suggested to account for these paradoxical observations. _ 
The focus is on organizational innovations, but the remarks are general! zable 
to the case of individuals. 

Thu term innovation has_ been used in different ways, resulting in 
two quite different research perspectives : (1) regression atialyses of 
innovative prbducts and organizational characteristics; and (25 case 
studies of the process of innovation. Sociologists, economists, _and 
political scientists have devoted a great deal of energy to the first of 
these two approaches. Using multiple regression analyses, they have 

attempted to relate many different prganizatibri characteristics, such as 

size, differentiation, decentralization, slack resduirces, etc . to innovativeness 
of organizations. The effort -is analogous to the work of trait theorists 
in psychology who use similar methods, in an effort to relate various 
traits (behavior classifications) to one another and to other behaviors . 
Recently, a number of investigators, notably Downs and Mohr (1971), have 
expressed the opinion that the results of these studies are too inconsistent 
to allow valid generalizations and some have urged that we shift Co a 
more process oriented approach (Yin , 1978). Numerbus factors have been 
identified that might account for such inconsistencies, most of which 
are methodological and cbnceptual. 

The secbrid apprbach is to focus on process, which means looking at 
innovations within organizations over time. In contrast to the apjDrbach 
described above, this one involves the observation of critical behaviors 
and incidents in organizations as they cbriceive bf new ways of behaving 
or new products, techniques , etc . ; consider thetn, tailor them to meet 
their special heeds; adopt, implement, and ase them. VHiile it is theoretically 
feasible tb observe such behaviors without the benefit of some organizing 
framework, the behaviors and ihcidehts will not be bounded. in space and 

time, and hence, will be difficult to observe systematically. There 

will always be an element of unpredictability about the timing of decisions 
in organizations and of other events which means that a pure ethnographic 
approach would be quite expensive and perhaps not very productive. the 
more commonly recommended case study approach has similar disadv_anLages , 
in that it is also expensive and generalization is difficult.. TOat I 
prbpbse to do here is describe a model for observing, process in brganizations 
that enables one to collect systematic data about behaviors arid incidents 
that affect innovation. 
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^ The model which I will describe assumes chat each innovation applicatibri 

.^^..^P*^^.^.^^^. .^^^ drgariizatioh iriwhichit is. to be implemented 

and to the type of innovation involved. Specifically, T assume that the • 

succcjps or_ failure of a given innovation depends upon whether or hot 

certain salient behaviors or incidents occur within a par ticular setting 

at appropriate stages in the innoyat-ion process. In other words, to 

predict success or failure of an ihhdyationj we need to {enow wh. ther 

certain behaviors did or did not occur: 

'^^^ which I am proposing, .postulates that there are four 

factors which differentially affect four stages in the innovation process, 
and these in turn determine the success or failure of an innovation, 
including its durability, which is one of the most important measures of 
success. The four factors are: (1) innovator motivation; (.2) innovator 
activities; (3) inildvatidri characteristics; and (A) organizational support. 

Next, t assume that the process of innoVatidri unfdlds in stages, of 
which there are four: il) consideration; (2) tailoring; (3) implementation; 
^"^_^^^_?°?t^^^3tidh. For ah innovation to be adopted, each of these 

^.^^^^^ dr completed successfully. The.four 

factors described above contribute to the success dr failure of the 
iriricvatidn at each of these stages, but they contribute differentially. 

The model may be visualized as a flow path diagram.. The basic data 
are provided by behaviors and incidents, which may be obtained by .direct 
dbservation or by questionnaire; these behaviors and incidents are the 
only exdgendus variables in the model.. The behaviors and incidents 'may 
not be eqaaiiy weighted arid may cdritribute differentially _to the factors. 
Furthermore, the factors may not be equally salient at different stages 
in the process. Thus , organizat ionai support may not be very impdrtahr: 
in^the early stages, when a potential innovator is merely considering an 
innovation for the first time, but may be_ extremely important when he or 
s_he attempts to implement it. Clearly, this model can be stated in the 
form of a relatively simple equation which weights arid sums the behaviors/incidents, 
to obtain a factor score, then weights the factors for importance at 

stages arid sums them to obtain a single score that predicts 
success or failure of an irtridvatidri. 

We have conducted one. study at Michigan State in an effdrt td validate 
this model of the irindvation process. this study is now being prepared 
for publication: The study Iddked at a specific class of innovation, 
audio-visual independent study carrels., used by various faculty in the 
university. After computing a prediction of success^ we then cdrrelated 

t^?_?^^^lty's assessment of overall success to student learning, 
attitudes, etc. The correlatidris are, in general, highly significant 
between success scores using the model arid those computed for these 
other criteria, but some of the sophistications in the mddel did ridt 
slgnficaritly eriharice our ability to. predict over a simple knowledge of 
whether or not faculty engaged iri the critical behaviors identified. 
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r iinvc Kiiggcsted ciuic four sets of factors may account fot success 
or fniliirc; Mcyniul noting tlint associated with each of these nctbrs^ 
there are nssumed to be unique behaviors arid iricidents, I have Sc id nothing 
about How these factors oper^ite.- Actually much of the literature Trbm 
psychology converge on this probliem. Thus, with respect to the factor 
innovator motivation, namerous issues arise: cognitive dissonance, 
expectancies, risk taking behavior, etc. 

Botii of the appr<oaches described in this paper are potentially 
important. Knowledge about how organizational (structural) variables 
affect iririovatiori would be .useful particularly for policy formulation 
and deslgri of organiza t ibris . But we must also Ibbk within organizations 
at specific decisions and behaviors -because a knov/Iedge of process may 
enable us to influence adoption and diffusion in organiza t ibris in cases 
wjierc i.t is impractical to restructure them. 

Do\^^ls, C.W. & Mohr^ L.B. Conceptual issues .in the study of innovation. 
Ad min Is trative Science Quarterly , 1976, 2J^, 700-714. ^ 

Yin, R.K. Organization innovation: a psycho Ibgis t ' s view . In Michael 
Radnor, Irwin Feller, and Everett Rogers (eds.) The Diffusion 
Innovation: An Assessment . Evaristbri, TL: Northwestern University, 
1978. 




-CONCEPTS AND METHODS IN THE STUDY OF THE ALL- VOLUNTEER AK^Y 



Charles C. Mbskbs, Jr. 
Northwestern University 

Institutional and Occupatibhal Models of -tfe€-^ .ll-VolUft ^ae^- Artny , 

My earlier research advanced the hypothesis that the American Army was 
moving away from an institutional format to one more and more resembling 
that of an occupation; To describe the armed corces as ^ither an institution 
or an occupation is, of coarse, to do an injustice, to reality. .Both' 
elements have and always will be present in the military system. There 
was also a recognition that countervailing forces were always in effect: 
But i;he concern was to grasp the whole, to place the salient fact; 

This is all to say that the institution/occapation dichotomy can 
serve as a framework, a sensitizing hypothesis, by which the researcher 
could order data. The essential differences between the two models can 
be summarized in Table L. 

TABLE L 



Comparison of Institutional and Occupational 



.Models of the Army 

Variatlte . Institutional Model Occu patibrial- Md d^ 

Legitimacy public service; values — marketplace economy; 'indi- 

duty, honor, country vidual self-interest 

Role total commitment to segmental commitment to 

.Characteristics organization organization 

Compensation much in non-cash form or salary system; "cash-work 

deferred erititlemerits ; pay nexus; Day directly re- 

partly determined by need lated to skill level 

Residence adjacency of work and separation. of work arid 

residence ' I'bcales residence locales 

Legal ■ broad purview over narrow purview over 

Jurisdiction military member military member 

Spouse integral part of military removed from military 

community community 

Societal Regard esteem based on notion . prestige based upon level 

of sacrifice of compensation 
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The end of conscription and the Pf^ceived "erosion of benefits" 

symbolized for many a shift in the organizatic :iai basis of the military; 
My present understanding of the institution/occupation model is under- 
going refbrmulatibri^ however. It is problematic whether the volunteer 
concept per se is intrinsically linked to an occupational brieritatipn. 
'It would be more productive to discern arid examirie the ways iri which 
institutional and bccupatibrial modes coexist arid iritermesh withiri the 
armed forces : My present conception is that there is an emergent form 
of organization heterogeneity and structural differentiation within the 
military system. In turn, delineation of institutional and occupational 
modes are to be related to military ef f icier, y, recruitment and retention, 
social composition, and the armed forces in the larger societal context. 

Research Strategies 

A distinction in basic research is that between deductive and inductive 
research. In somewhat overstated terms,' deductive research entai3s 
formally stated hypotheses from whi^h appropriate measures and instruments 
are derived; inductive research develops hypotheses from empirically 
based observations. Both styles of research are necessary for a cumulative 
science. 



Beyond issues of research premises, there are also questions of 
methodology. The array of methods available to ^the social researcher 
are legion. Yet in most instances of social researcfr, one method is 
selected to the exclusion of other alternatives.^ This state of affairs 
has long characterized the hoary debate between "hard" and "soft" methodologists 
But rather thari viewirig the bppbsirig pbsitioris as irrecbricilable , advanced 
methodologists now ai^gue for the utility of a mUlti-method approach in 
social research. Such a position seems especially suitable for research 
on the All-Volunteer Army. A multi-method approach can best identify 
the interrelationships between societal trends, organizational factors, 
small-group processes^ and individual behavior. 



My research iriterids to be both deductive arid iriductive as well as 
multi-method. The institution/occupation formulation by directing 
attention to data categories illustrates the deductive approach. At the 
same time, my research employs the inductive style. Thus, for example, 
my ARI-sponsored research was_the first to uncover; (1) among non-prior 
service (NFS) male access ions J _bl_ack educational attainment exceeds that of 
white entrants since the end of the draft (this finding ran counter to virtually 
all thirikirig bri the social cbmpbsitibri of the All-Vblunteer Army); (2) the 
marital cbmpbsitibn bf junibr enlis ted persbririel has increased sigriif ioantly 
under the all-voiunteer format (this was an unanticipated outcome of the 
ail-volunteer force). More ^' recently, my field observations point to an 
overlooked disjuncture in military and civilian comparisons of the 
movement of women, in to "non- traditional tasks" (itself a term needing / 
clarification). Unlike most civilian pursuits, military women do riot 
receive higher cbmperisatibri^ for perfbrmirig ribri-traditibrial tasks. 
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A capsule listing of the data collection inethods to be employed in 
the intended research includes: (1) analysis of longitudinal survey 
data of military persbririel; (2) non-survey statistical data, e.g^; social 
backgrburid of service personnel, census information; (3) participant 
bbsGrvatioris in military Units in various locales; and (4) comparative 
materials derived frbiri the Navy, Air Force, Marine ^orps, military : v 
systems in other NATO countries , and non-military organizations; 

f 

Cb ritrasting Paradigms of th ^^ll-Volunteer Force 

Twb bppbsing paradigms of the AVF present themselves . ^ One is based 
bri an ecbribmistic premise. It justifies military manpower policies 
according to civilian-oriented economic criteria^ the labor force marketplace, 
equity, ^^comparability" with private sector employees, and efficient use 
of available resources. The other paradigm emphasizes the unique sociological 
qii^alities and "service" aspects of the military organization. It is 
cdricefned with the social chemistry of unit cohesion, obtaining the 
analogue of the . peacetime draftee in the ail-volunteer context, institutional 
supports for the career force, and citizenship implications of an AVF in 
a democratic society. 

The economistic paradigm has been dominant in Defense Department 
analyses and supported by generous research funds. The sociological 
paradigm has been articulated by a small number of academics with meager 
research support. My own research can be viewed as operating from a 
framework quite different from that of the prevailing economistic paradigm. 
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this new methbd tb^classical category ratings appeared in 1957. He was 
a fellow at the Center for Advartced Study in the Behavioral Sciences in 
Palo ALt'o, Califbrriia, during the academic year 1958 to 1959. Daring 
this period, his early work with the Office of Naval Research led to the 
human iriteritibnal behavior which was published.- in 196G as Plans and the 
Structure of Beiiavio^ . Concurrent with this work^ Professor Galanter 
col Ibrabbrated with R. R. Bush and R: D: tace in the preparat ion of 
chapters, and the' e^ of the Handbook of Mathematical Psychology in 

three volumes (1961-6;5) and two companion yolames of Readings in Mathematical 
P-sycholdgy . He completed his Textbook of Elementary Psychology in 1966.' 
Professor Galanter was appointed Chairman of the Department" of Psychology 
at the University of Washington in 1962; and in 1964: became the Director 
of the University of Washington Psychophys ics Laboratory. In 1966\, 
he was invited to Columbia University as the Joseph Klingenstein Professbr 
of Social Psychology. He was appointed Professor, of Psychophys ics in 
Columbia University in 1967. 

ALAN HARRIS (Organizational Structure and Leadership Factors as Deter- 
minants of Small Group- Performance) , is Associate Professbr arid Associate 
Director of the Division of Behavioral Biology iri the Departmerit of 
Psychiatrv and Behavioral Sciences at the Johns Hopkins Uriiversity 
Sciiool of Medicine. He also holds a jpirit appbiritment iri the Department 
of Psychology. He received his Ph.D. from Cblumbia University in 1969 
and joined the Hopkins' Faculty shortly thereafter. His fields of ; 
interest are conditioning, learning theory, arid the experimental analysis 
of behavior. He has published several articles dealing with visceral 
learnings biofeedback, . and the erivirbrimerital irifluerices upon the cardio- 
vascular system iri both humaris arid ribri-humari primates. l^is current 

interests include the experimerital arial.ysis bf human social interact ions 
and the devol.opmeri t of resideritial labbratbry environments and methodologies 
for the study bf iridividual arid small group behavior. 
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DAVID M: iiKROhb (A Task-Based Framework for Unclerscaridihg and Improving 
Orcnip Performance), Is Associate ' Prof essor of Orgariizac ibnal Behavior in 
Che College of Management at Georgia Tech. He received his M.Phil, and 
Ph;b. degrees in Administrative Sciences from Yale University and an 
M.B.A; in indastriai Psychology from the" City University of New York, 
ifo iias autliored articles and book chapters in the areas of leadership ^ 
performance feedback, and group performance. He serves as adhoc reviewer 
for several . journals and is on the Editorial Review Board of the 
Acadoiny of ^ianagement Journal . . 

JAMES ii. HOWARD, Jr. (Memory Processes in the Recall and Use of Spatial . 
Cartographic Information),, is Associate Professor of Psychology and 
Director of the lluman Per f ormance Laboratory a t the Catholic University 
of America. He received his Sc.M. (1972) and Ph.D._n?73) degrees in 
Experimental Psychology from Brown University. In 1977. he received the 

;Sciontlfic Achievement Award in Behavioral Sciences frc-. the Washington 
Accideiiiv of Sciences. His present research interests are in the area of 
liunian information processing - including auditory pat tern recognition 

: and memory for _v isual/spa t ial information . Publications include articles 
in a variety of experimental journals arid a fbrthcbihirig co-edited volume 
bri auditory and visual patterri recogriitiori. 

STEPHEN M. KERST (Memory Processes in the Recall arid Use of Spat ial 
Cartographic Informatiori) , received his Ph.D. iri 1974 and his M.A. in 
1972 from the University of Wiscbrisiri iri Educatibrial Psychology. He is 
curreritly ari Associate Prbfessbr iri the Schbbl bf Education at the 
Catholic University of America, His areas bf research interest include 
mental imagery arid membry fbr spatial irifoirmatibn. Kerst's work has 
been published iri educatibrial arid cbgnitivf^ jburnals- 

n. GAGE KINGSBURY (CbmpUterized Adaptivp Achievement and Ability Testing), 
is a seriibr staff member of the Computerized Adaptive lesting^CAT) 
Research Labbratbry in the Psychometic Methods Pi^ogram, Department of 
Psycholbgy, University of Minnesota. Since receiving his B.A, from Ohio 
State University in 1974, Mr. Kingsbury, has been an active CAt researcher 
specializing in the appl icat ions of CAT to achievement testing. Mr. 
Kingsbury is working on his Ph.D. dissertation xn the area of Adaptive 
Self-Referenced Testing. 

MEtVTN H, MARX (Analysis o-f Reward Functions in Learning) , was born on 
Jane 8, 1919, in Brooklyn, New York. He was educated in the St. Louis 
Public School System, and received his A.B. (1940), M.A. (1941) , _and 
Ph.D. (1943) in Experimental Psychology with a minor in; Zoology from 
Washington University in St* Louis, MO, He started teachingat the • 
University of Missouri -Columbia in 1944 _as an Instructor. Since then, 
he has been promoted through the ranks of Assistant Professor, Assbciate 
Professor, Professor, and is now Research Prof essor at the University of 
Missouri - Columbia. Dr. Marx is also the recipient of the NI^^H Research 
Career Award from June 1964 to the present. 
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THOMAS W. MTliBURN (A Scaciy of- Leader Behavior in the Effect: ive Managemenc 
of Ol-^;tiil/.;u iuiiiil Crises)', received his B.A. degree iii Psychology from 
Stanford Univetrti Uy in 1951, where he al.so r.eceived_his M.A. (1955) and^ 
Ph p (1959) degrees; He worked ac che U . S .. Naval Ordnance Tes c Scac ton 
in China Lake, California from 1957 through 1965, first in Personnel; 
directing fettiployee development. Later, he initiated arid directed an _ 

iriter-universltv, inter-disciplinary research effort that became known _ 

as Project Mich'elson which was concerned with th(2 stu^y, within a theoretical 
framework, of aspects of influence processes_relevant as a strategic 
f«llow-on to the Polaris system. He taught Psychology and Political 
Science at Northwestern University and Psychology at De Paul University 
between 1965 and 1971. Since 1971, he has been Professor of Psychology 
arid Public Pollcv: at ehio State University. _ His primary research interests 
concern conflict", stress, and leadership. During the past few years, he 
Has been using measures of social episodes to approach problems in the 
areas of sabstantive interest to him. He arid a youriger colleague, 
Kenneth Watman, have just completed the manuscript of a monograph 
entitled The Nature of threat: A Psychological^ Arialysl g-. 



TERENCE R. MITCHELL (Decisions about Causes of Poor Performance), Professor of 
ManagemenE and Organization, and Psychology. Advanced Diploma in Public 
Administration, University of Exeter; M.A. and Ph.D.-, University of 
Ititnois (Social Psychology). Professor Mitchell's interests are in the 
areas of organizational behavior, leadership and motivation. He has 
recently pubished articles on these topics in Organizati onal Behavior _ 
a nd Huian Performance , The Aca demy of Ma nagement Review , The Journaj^of 
rhe Academy of Managiment , and the Journal of Applied Psychology. _He is 
the' author of People in Organizations , McGraw-Hill, 1978, and a joint 
author of Scott and Mitchell, O rganizatt on Theory: A S tructuraj ^^ ^ ^ ^ 
Behavioral Analysis, Irwin-Dbrsey , 1976. in the current year, he will be 
working on TeTe^afch projects studying leadership and subordinate motivation 
in several organizational settings. The focus of this research is how 
supervisors can accurately assess the causes of poor performance of 
their subordinates and provide appropriate feedback. 

CHARLES C. MOSKOS, Jr. (Concepts and Methods in the Study of the All- 
Volunteer Army), is Professor of Sociology at Northwestern University. 
He received his B.A. (1956) from Princeton University^ and Ph.D. (1963) 
from the University of California, Los Angeles. He served as a draftee 
in the Army combat engineers from 1956 to 1958. _ His publications include: 
The American E nlisted Man (Basic Books, 197D) ; _Public Qpiftio jv and the^ 
Military Es tabl Istotteflj: (Sage, 1971); Peace Soldiers :^te^-Socioiogy of a 
United Nations milra:^ Force (University of Chicago , 1976) ; The Military , 
in Annual Review ' o~f Sociology, Vol 2 (1976) ; "The Enlisted Ranks in the 
All-Volunteer Army," in John Keeley, ed. . The A14-Vblunt^r Force and 
American Socie4:y (University of Virginia Press, 1978); and ' The All- 
Volunteer Force," mison Quarterly (spring, 1979). He was a Fellow at 
the Woodrow Wilson international Center for Scholars for the academic 
year 1980-81, 
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DARREN NRWTSOM (Perceptnai Organization of Behavior), is currently ' 
A.ssociate Prort'Ssor (if Psychology at the University of Virginia. He 
* received his bachelor \s degree in 1967 at Stanford University with 
distinction and with honors in psychology. He received the first annual 
cl Lssertat ion prize from the Society for Experimental Social Psychology 
for his dissertation entitled "Attr ibutibri arid the Unit of Perception of 
Ongoing Behavior.'' He received .his Ph.D. frbtii the University of Wisconsin 
^^1^71. Since that time^ he has pursued the problem of behavior perception^ 
using techniques he originated in the dissertatibri. More: than forty 
studies of the phenomena have been completed Under funding from NIMH^ 
. NSKj and ,ARI. A book on the research is in preparatibri. 

^OSEPH M. N0TTER>1AN (Individual Differences in Visual-Mbtbr Orgariization) , 
is Professor of Psychology (pas t Departmen tal Chairman) at Priricetbri 
University, Where he has been since i956. He received his Ph.D. at 
Columbia University in 1950.; His main research interest has beeri to 
establisli the constraints under which external and. internal,' static arid 
dyriamic sigrials combine to govern behavior . Experimental areas tb which 
this interest has^extended include: classical (heart rate) and operarit 
(force bf response) conditioning, perception of time-variant stimuli, 
tracking systems, and the perceptual basis of visual-motor organizatibri . 
His majbr moribgraphs or books include: Evaluatlnn nf Mathp^mat-l ^^gjJy 
E quivalent Tr acking Systems (with D.E. Page), Dynamics of Response (with 
D.R. Miritz), and Behavior: A Systetnatic Approach . He is editor of 
Experlmeri -taL Psychology , International Encyclopedia of Neurolbgy , 
Psychia ^r^,--Psychoarialysisj and Psychology , and is on the Editorial 
Board, Jou^rna4. of Gerieral Psychology . He served 5-years on the Experimental 
Research- Review Committee, HEW. _Dr. Notterman is a Fellow of the APA, 
AAAS, and the- New Ybrk Academy of Sciences; he is a Scientific Associate 
of the American Academy bf Psychoanalysis. 

JESSE ORLANSKY (Research arid Development on Training and Personnel in 
the Department of Defense). Dr. Orlansky is a member of the staff of 
chc Institute for Defense Arialyses. 

JAMES SHANTEAU (Training Expert Decisibn Makers to Ignore Nondiagnostic 

Information) , received his Ph; D. in 1970 from the University of- Calif ornia , 

Snn Diego, for his research with Nbrman Andersbri on human judgment. He 

then spent a postdoctoral year at the University bf Mi higari studying 

decision analysis with Clyde Coombs and Ward Edwards. His research at 

both the predoctoral and postdoctoral levels was suppbrted by NIMH 

Fellowships. Since 1971,^ he has served on the faculty at Karisas State 

University where he was recently appointed Professbr bf Psychblbgy. Duririg 

1979-1980, he was on sabbatical leave as a visiting Research Assbciate 

at the Institute of Behavioral Science of the University bf Cblbradb . 

For 1980, he had been designated as a N^SUA Honor Lecture?, represeritirig 

Kansas State University. Since receiving his Ph;D;, Professor Shanteau 

hras published 50 papers and chapters, given over 30 invited addresses, 

arid presented 30 papers at conferences and conventions; He has served 

bri the editorial boards of three journals and. is a frequent reviewer/consultant 
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for research on Uecisibri making; He has been the i^^cipient of nine 
v-^extrairiiifai ireseclrcH grants arid fellowships, and seven intramural grants. 
"""^Currently , his primary research interest is in the application of human 
Judgment arid decision making techniques to the analysis and training of 
experts. His secondary interests include the study of problem solving 
hcitavior and the development of quantitative methods in behavioral 
research. 

CLAIRE ELLEN WEINSTEIN (Cognitive Learning Strategies and Study Skills 
to Improve Retention) , was born in Brooklyn, New York, on November 8, 
L9A6. She attended Brooklyn College and graduated with a major in 
Biology in 1967. During 1967-68 she studied Biology at the Duke University 
Marine Station, and Southern I31inoi5 tJni\7ersity . She spent the following 
year as a systems developer for the International Business Machines 
Corporation. She obtained her Ph.D. in Human Learning and Cognition in 
1975 from the University of Texas at Austin. Currently, she is an 
Assistant Professor in the Department of Educational Psychology; and 
Director of the Cognitive Learning Strategies Project at the University 
of Texas at Austin. She has authored a number of publications in the 
area of human learning and cognition. 

DAVID Ji WEISS (Computerized Adaptive Achievement and. Ability Testing) , 
is Director of the Computerized Adaptive Testing (CAT) Laboratory at th^ 
University of Minnesota and Professor of Psychology. Dr. Weiss received 
his B,A. from the University of Pennsylvania in 1959iand his Ph.D. from 
the University of Minnesota in 1963.- He has been active in CAT research 
since 1972. In addition to publishing over 42 technical reports on CAT, 
■ as well as numerous journal articles and editing the 1977 arid 1979 CAT 
conference proceedings. Dr. Weiss is editor of the journal Aptxixed 
Psychological Measurement. 

DELOS D. WICKENS (Investigation of Cognitive Control Processes in Con- 
ditioning), received his undergraduate degree from Centre College of 
Kentucky, and both graduate degrees from the University of North Carolina — 
an M.A. in English, in 1933, arid the Ph.D. in Psychology in 1937, Since 
then, Dr. Wickens has taught iri the Psychology Department of ^^1° State 
University, the Uriiversity of Colorado, Oberlin College, and the Uni>-3rsity 
of Wisconsin. Duririg World War II, Dr. Wickens was a Senior Analyst in- 
vestigating guririery problems in the Navy for- the Qff ice of Scientific 
Research arid Developmerit. Dr. Wickens' research interests are in Experimental 
Psychology, specifically in learning and memory. He uses paradigms of 
classical cbriditidning, of verbal behavior , and of animal learning. 
Wiclceris has served as the Principal Investigator for a number of research 
grants and contracts. He has also been selected to serve on the panels 
of major granting agencies: NiMH panel on Experimental Psychology; _ 
National Scierice Foundation Panel on Psychobiology ; Panel on Psychology 
program. Pioneering Research Unit, Army Quartermaster's Corps; Committee 
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to Study Hit' Status of Human Engineering _iri the U.S. Army; Research and 
DeveldpmeriC Board, U.S. Gbv^rrimeric. . Professor Wickehs has been ah 
AssdciateEdiCbr of the Journal of Experimental Psychology , 1965-73. He 
has been President of Divisioh 1 and of Division 3 of che American 
Psychblbgical Assbciatibri , Chairman of the Board of Governors of the 
Psyclibnomig Society, Vice-President AAAS_ (Chairman ,. Psychology Section); 
Chairman, Sbciety bf Experimental Psychologists | President^ Midwestern 
Psychological Assbciatibri. Recent honor s have included : The American 
Psychological P'oundatibn's Distinguished Teaching Awards 1979| the 
University of North Carbliria Distinguished Alumnus Award ,_ 1979 ; the 
Distinguished Research Award bf Ohio State Uriiversi ty, 1980; the Warren 
Medal for Outstanding Research, bf the Society of Experimental Psychologis 
1973. 
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